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Bars of A4615, like all Ryerson 
Alloys, are unmistakably identi- 
fied by color marking and heat 
symbol. When transferred to 
the Ryerson Alloy Report, mark- 
ing and symbol give a positive 
check between steel and accom- 
panying hardenability data. 


Now Back in Ryerson Stocks 


A4615-A4140-A4150 and other prewar alloys 


Old friends, the alloy steels for which Ryerson stocks 
were distinguished in the days before Pearl Harbor, are 
back from war. They have been at the front for more 
than four years but now their special war jobs are fin- 
ished and these steels are again available to everyone 
for prompt shipment from eleven Ryerson plants. 

Of course the wartime triple alloys which proved sat- 
isfactory have been adopted as standard AISI steels 
and continue in Ryerson stocks. Both prewar and triple 
alloys in a wide range of sizes make your nearby Ryerson 
plant the ideal source for every alloy requirement. 

In addition, Ryerson alloy service provides the ad- 
vantages of the Ryerson Certified Steel Plan, featuring 


JOSEPH T. RYERSON & SON, INC., Steel-Service Plants at: Chicago 


a time-saving Alloy Report with every shipment. The 
chemical analysis, heat treatment response and recom- 
mended working temperatures included in the report 
are a helpful guide for designers and heat treaters, a 
reliable record for purchasing men. 

Diversified stocks plus the quality assurance of the 
Certified Steel Plan are two reasons why more manufac- 
turers depend on Ryerson for alloy steel from stock than 
on any other source. Whatever your alloy requirements, 
let Ryerson specialists work with you to supply the steel 
you need, when you need it. Call, wire or write the 
nearest Ryerson plant. 


- Milwaukee - Detroit 


St. Louis - Cincinnati - Cleveland - Pittsburgh - Philadelphia - Buffalo - New York » Boston 


RYERSON STE 


L 
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Production of 
Electrolytic 


Iron Powder 


Ar LEAST three commercial plants for the pro- 
duction of iron powder are now under construction, 
all built by newcomers to the powder production 
business. These three plants are estimated to have 
a combined capacity of approximately twice the 
total consumer demand for powder that existed 
prior to World War II. To this contemplated new 
production may be added the expansion of facili- 
ties by at least two of the old producers of the 
material. These contributions to the domestic 
capacity for making iron powder clearly illustrate 
the interest and activity centered around its use 
as a productive raw material. One new consumer 
alone has definite plans for using powder at a rate 
closely approaching the total wartime consumption 
of the entire United States industry. 

lron powder is readily produced by three 
methods, namely, oxide reduction, electrolysis, 
and chemical methods. The reduction method has 
been the leader of the field by virtue of the fact 
that the economic factors involved in its produc- 
tion put it in an excellent competitive position. Of 
the new production capacity, however, two plants 
will produce electrolytic powder and a plant of 
*ton daily capacity will utilize a chemical process. 
The sponsors of the new plants feel that their 
methods have been developed to the point where 
their products are economically competitive with 
the existing products (reduced iron powder). 


*See the description of the carbonyl method used 
* Oppau, Germany, on page 332. 


By Harold V. Trask 


BU-EL Metals Co. 
Painesville, Ohio 


To the writer's knowledge, this 
is the first time a domestic producer 
of iron powder has described his 
process in the public press; conse- 
quently, the matter is approached 
with some hesitancy. It is felt, how- 
ever, that some factors of general 
interest may be present and that 
such discussion will give the reader 
an insight into the problems of iron 
powder production.* 
The process which is to be 
treated has developed as the result 
of many months of research and has 
been in the pilot-plant stage for a 
sufficient time to have been proven 
technically sound. Development was 
done in Butler Brothers’ laboratories | 
on the Mesaba Range in Northern | 
Minnesota and the process has 
recently been assigned to the BU-EL Metals Co. of 
Painesville, Ohio. At the time of writing, progress 
is being made on the construction of a commercial 
plant which should be in operation before the end 
of 1946. 
It is important to note that the process was 
not developed just to produce an iron powder; 
rather, the aim was to produce a powder having 
predetermined specifications which would improve 
upon the characteristics of those powders available 
on the market. Consumers of iron powder were 
consulted at all times to determine their desires 
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Fig. 1 — Flowsheet of BU-EL Pilot Plant for Manu- 
facture of Iron Powder to Definite Requirements 
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and needs. Even so, it was not possible to make 
powders that would meet all demands, and a 
research program is being actively carried on to 
improve the process and to develop new products 
having wider and better applications. Naturally, 
the economics of the process were, at all times, of 
major consideration. 

The flowsheet (Fig. 1) illustrates the stages of 
production. As might be expected, the flowsheet 
is relatively simple, consisting essentially of four 
major stages or steps. 

The first step is, naturally, the electrolysis of 
the original iron anodes (plates of ingot iron). 
This step accomplishes, first, the purification or 
refinement of the comparatively impure iron 
anodes and, second, the conversion of the iron to a 
form which may be satisfactorily and economically 
ground to produce an iron powder having the 
desired angular structure necessary for subse- 
quent pressing operations. An electrolyte with an 
iron chloride base is used in preference to sulphate 
solutions because of the contaminating effect of 
sulphur compounds in the resultant electroplate. 
It is necessary to clarify the electrolyte periodi- 
cally of insoluble contaminants by circulating il 
through a filter press; these insoluble contami- 
nants consist of carbon and silica introduced by 
the anodes, in addition to small quantities of ferric 
hydroxide unavoidably formed by slight oxidation 
of the electrolyte. 

The iron is deposited as a smooth electrolytic 
plate upon cathodes of stainless steel. After the 
deposit has built up to suitable thickness (prefer- 
ably 4% in. or more), the cathodes are removed 


from the tanks, and the iron is detache by slight 
raps of a hammer or flexing of the sheet. Foljoy. 
ing this stripping operation, the iron plate is drieg 
and is ready for grinding. 

An alternative method may be used for elec. 
trolysis whereby insoluble anodes (graphite or car. 
bon) are used in the tanks, and the iron depleted 
during electrolysis is constantly replaced by circy. 
lation over scrap iron contained in vats located 
outside the electrolytic circuit. Such a system has 
obvious disadvantages, including increased capita| 
and operating costs for a given plant capacity, and 
irregularities in the character of the iron deposited 
because of the difficulty of obtaining perfect} 
selected scrap. 

Current densities on the order of 25 amp. pe: 
sq.ft. are employed, and the potential drop from 
anode to cathode is approximately 1.4 volts. Powe; 
consumption is about 0.75 kw-hr. per lb. of elec- 
trolytic iron produced. Current efficiency is high 

-for all practical purposes 100%. A 4000-amp, 
9-volt, separately excited direct-current generator 
driven by a 60-hp. synchronous motor provides the 
power for the electrolytic circuit in the pilot plant 

The electrolytic circuit consists of four cells 
connected in series. This circuit does not utili 
the full voltage of the generator but does provik 
that flexibility of control desired for pilot-plant 
operation. Busbars consist of two 42x9-in. cold 
rolled copper bars, except the contact bars on the 
cells, which are 1x5 in. (See Fig. 2.) Anode and 
cathodes each have an effective area of appro\- 
mately 18 sq.ft. 

Ball-mill grinding is the second major stage 


Fig. 2 — Electrolytic Cells. Operator is lifting out one of the stainless steel cath- 
odes which has a smooth deposit, Y in. thick, of electrolytic iron on both sides 
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ight , . , 
“ne Table I— Commercial Powders Produced in Pilot Plant 
Tied 100-MesuH (Type A) Powpens 200-Mesu (Type B) Powpers 
CHARACTERISTIC — a 2 aaeienemidieeens 

— Type R-A | Type C-A* Type DCA*! Type R-B Type R-B GRAPHIRON 
Car- Purity, % Fe 99.6+ 99.6+ 99.5+ 99.6+ 98.5+ % Fe, 1% Carbon 
eted Screen analysis: 
rcu- + 100-mesh/ Trace 1% max. oS a. ere Made from type R-B 
ated 100 + 200 | 10 to 20% | 35 to 40% 40 to 45% 1% max. powder 

~ —200 + 325 | 15 to 25% | 30 to 35 % 30 to 35 % | 15 to 20% 

325 | 70 to 60% | 35to 30% | 2Uto2%~ | 85 to 80% 
pital Hydrogen loss | 0.3% max. | 0.3% max. | 0.4% max. | 0.3% max. 
and Apparent density | 2.60 to 2.70) 2.35 to 2.45 | 2.65 to 2.75 | 2.70 to 2.80 
sited 
oth *Tentative specifications. 

per ing) and so “conditions” it for pressing operations. 
rom (the operation. The equipment consists of a 3- Second, it reduces to metal any iron oxide which 
wer ft. x 8-in. Hardinge conical mill operated in closed may have been present or introduced by previous 
slec- circuit with a Hardinge type ioop classifier (Fig. manipulations. 
high 3). For a considerable time during the develop- In the pilot plant, the annealing step is carried 
mp, ment period of the process, grinding constituted a out in a type of continuous brazing furnace 
ator major problem. The trouble arose not only from well known to metallurgists, through which the 
the the difficulty of grinding electrolytic iron, but also powder is pushed by the tray load. The furnace 
lant the difficulty of obtaining desirable product struc- is electrically heated and both heating chamber 
“ells ure even When “grindability” was good. Grinding and cooling tunnel are provided with a controlled 
ilize has now been developed to a point where results atmosphere. As previously indicated, a reducing 
vide are considered quite satisfactory; as a measuring atmosphere is used during the annealing stage: 
lant stick, it may be roughly calculated that the iron for the most part, dissociated ammonia is pre- 
cold grinds with about one-third the ease of average ferred. The time of heat and temperature ol 
the limestone. annealing are dependent upon the charge to the 
and Annealing of the ground product is necessary furnace and the degree of “hydrogen loss” (reduc- 
OXi- to the processing of the powder and accomplishes ible oxide) permitted by customer’s specifications 





itwofold purpose. First, it softens the embrittled 
ron (brittleness is essential for satisfactory grind- 


in the final product. Usually, the cycle consists 
of treatment at a temperature of 1600° F. for a 
period of 2 hr. This rigid 
condition is imposed upon 
the powder to provide as 
low a “hydrogen loss” as is 
consistent with good eco- 
nomics. 

It is important that 
careful control be main- 
tained over the annealing 
process because, at the tem- 


Fig. 3— Grinding and Continu- 
ous Classification of Broken Cath:- 
odes Is Done in This Conical 
Ball Mill, Loop Classifier and 
Exhauster. Iron particles are 
carried out of the mill by a con- 
tinuous air current, taken to a 
cyclone separator (above the top of 
the picture), the coarse oversiz 
goes back to the ball mill and 
the fine undersize drops into the 
pail shown in front of the mill 
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peratures employed, a cer- 
tain incipient welding of 
particles always takes place. 
If permitted to go to an ex- 
treme because of improper 
control, this will substan- 
tially alter the characteris- 
tics of the ball-mill ground 
product. In spite of the best 
control, there is always 
some caking of the powder, 
and a subsequent regrind- 
ing operation is necessary. 

The final regrinding is 
done in a high-speed, ham- 
mer-type pulverizer oper- 
ated in closed pneumatic 
circuit with an electrically 
vibrated 100-mesh screen. 
Here again, as in the 
annealing operation, the 
manipulations are subject 
to close control so as not to 
alter the powder’s characteristics. Immediately 
after the pulverizing operation, the powder is 
mixed in a conical-type blender (Fig. 4) and sub- 
sequently packaged in sealed steel containers pre- 
paratory for shipment. 

No difficulty is encountered in maintaining 
consistent quality by this process. At the present 
time, five types of powder are available as the 
result of pilot-plant production. Three of these 
powder types are —100-mesh material (type A 
powders) whereas the other two are —200-mesh 


Fig. 4 — Double Conical Blender at Pilot Plant; Capacity 400-Lb. Load 


specifications and test results for type R-A powder 
shown in Table II are typical of the tolerances per- 
mitted and the results obtained. Comparable 
results are obtained on other —100-mesh powders 
as well as on the —200-mesh material. Closer tol- 
erances are continually being established and pov- 
ders showing much less variation are well within 
the realm of economic possibility. 

The entire operations of the pilot plant are 
adequately handled by one workman except for 
special manipulations performed on the day shift. 


(type B powders). Specifications on these powders 
are shown in Table I. 

Factors on final control which are carefully 
checked before shipment are (a) screen analysis, 


Operations are on a 24-hr. day, seven-day-a-week 
basis. The pilot-plant installation has the capacity 
to produce approximately 400 lb. of powder per 
day and no difficulty is experienced in maintaining 


(b) hydrogen loss, and (c) apparent density. The continuous operation. S 


Table Il — Uniformity and Strength* of BU-EL Type R-A Powders 





Lor 6-1 Lot 6-7-2 


9-A-6 


99.80 


Lot 3-6 Lot 6-3 


CHARACTERISTIC 


Purity, % Fe 
Screen analysis: 
+ 100-mesh| | Nil Nil Nil 
—100 + 200 10 to 20% 11.0% 12.0% 10.0% | 9.5% 
—200 + 325 15 to 25% | 24.0% 19.0% 18.0% 
— 325 60 to 75% 65.0% 69.0 % | 71.0% | 72.5% 64.0 % 60.0% 
Hydrogen loss 0.3% max. 0.20 % | 0.20% 0.30% 0.25% 0.10% 0.30% 
Flow rate (sec.) 33 | 32 32 32 32 31 
Apparent density 2.60 to 2.70 | 2.60 2.60 2.62 2.70 2.69 2.64 
Tensile strength 23,000 psi. | 23,000 psi. 23,000 psi. | 23,500 psi. 22,000 psi. | 23,100 pst 
Elongation 9% inlin.| 9% in1lin.| 8% in1in.|11% in1in.! 8% in1in. | 10% in12 
Compression ratio | 2.79 2.79 2.72 2.76 > 3 2.69 
Sinter shrinkage | | 0.90 % 0.82 % 0.85% 0.70% 0.72% 0 86% | 
C. 


*Test bars pressed at 30 tons per sq.in. and sintered in a hydrogen atmosphere 1% hr. at 1560° F. (850° 


SPECIFICATIONS 


9-A-5 





99.85 99.70 99.86 99.85 99.70 


— 


Nil Nil Nil 
14.0% 18.0% 


| 22.0% 22.0 


19.0% 
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Fractographic 
Structures 


in Bismuth 


ly A PAPER by M. Clogg, Jr., and the 
present writer in the @ Transactions for 1945 
we described the metallographic technique referred 
to as “fractography”; numerous specimens, both 
metallic and nonmetallic, were accorded a cursory 
examination, principally for broadly evaluating 
fractography as a possible metallographic tool and 
for calling the attention of metallurgists to new 
fields of research. Subsequently, certain of these 
introductory observations were expanded by the 
same authors and in the same publication into a 
more detailed study of the iron-silicon constitu- 
tional system. The present writer has also studied 
the nature of Neumann bands, and a phenomenon 
involving the interchange of metallic elements 
between inclusions and the matrix. 

Still another group of phenomena inviting 
attention beyond that given it in the introductory 
paper concerns the fractography of bismuth. That 
metal reveals as many as six deformation struc- 
lures, at least three of which remain unexplained. 
Since only passing mention has been given these 
structures, further fractographs of pure bismuth 
are presented here to display them in greater 
detail. Acknowledgment is due George A. Moore 
of Battelle Memorial Institute for making the pho- 
lographs reproduced in this paper; he also assisted 
in developing the original technique. 

In all the tests, cast metal of high purity was 
machined and broken as a standard V-notch 
mpact specimen. A fractured end was then fas- 


By Carl A. Zapffe 


Metallurgist 
Baltimore, Md. 


tened in Woods metal and mounted 
in the simple orienting device pre- 
viously described in our first publi- 
cation. Since bismuth normally 
fractures in a brittle manner, it is 
especially suited to fractographic 
study. Extensive planar fields are 
readily found under the microscope 
over a great range of magnification. 

Figure 1 on the next page pre- 
sents a typical field. At least four 
deformation structures appear in 
this figure. For temporary pur- 
poses these will be identified as: 
(a) Twin bands, (b) Secondary 
cleavages, (c) Fissures, and (d) 
Striae. In addition, of course, there 
is the primary cleavage, whose 
plane is the plane of observation 
upon which these other structures 
register. 

Twin Bands — As for the first category, the 
two gray bands running vertically to the left in 
Fig. 1 resemble ordinary twin bands too closely to 
warrant much question. In Fig. 2 an abundance of 
these bands appears. In fact, a thin zone of 
untwinned metal is apparently preserved within 
the broad bands at the bottom of the figure. In Fig. 
3 (page 286) two families of twinned bands inter- 
sect one another at exactly 60°, in keeping with the 
rhombohedral habit of bismuth. Since the plane of 
observation here is known to be the basal cleavage 
plane (0001), the twin bands probably concern 
either prismatic or pyramidal plane families. 

Secondary cleavages comprise the ridgelike 
markings running diagonally from the lower left 
to the upper right of Fig. 1. They intersect the twin 
bands at exactly 60°, which establishes them as a 
specific feature of the crystal. These markings are 
(visibly, at least) incipient cleavages, since they 
prominently deflect the fissures which cross them. 
They must therefore be secondary cleavages, 
because the only primary cleavage in bismuth is 
the basal plane, or the plane of observation. In the 
earlier paper these secondary cleavages were 
referred to as “rifle-marks”, pending technical 
identification. The present terminology is still 
advanced only as a temporary improvement which 
is open to further discussion. 

These secondary cleavages are interesting for 
their geometry, their consistent spacing, their 
deflection of the fissures, and the visual undulation 
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between markings. There are many of them in 
Fig. 3, and their varied spacing in different parts 
of the same grain and their frequently offset course 
may indicate some unknown heterogeneity in the 
metallic crystal. 

Fissures — Actually, this third type of marking 
is itself a secondary cleavage, since it represents an 








Fig. 1 —- Fractured Surface of Casi | 


3ismuth, 
Photographed at 400 Diameters on the Plane 


of Primary Cleavage, Showing Twin Bands 
Secondary Cleavages, Fissures and Striae 


obvious separation of the matrix, | 
is visibly distinct from the markin 
just discussed, however, by an appar- 
ent lack of geometric regularity. 
Although closer examination of the 
fissure proves that its rather meander. 
ing path follows exact crystallographic 
angles (one direction of which coip. 
cides with a secondary cléavage) i 
is possible that these networks of 
fissures locate lineage boundaries 
within the crystal. 

Striae — Three remarkable sets 
of fine, closely spaced and exceeding) 
straight lines disposed 60° to one 
another appear in all three photo- 
graphs. At first glance they migzhi 
remind one of polishing scratches, 
except for the fact that they are dis- 
posed with crystallographic exactness 
and that these facets are nascent and 
untouched either mechanically or 
chemically. Indentification of the 
striae with any recognizable deforma- 


3 
gs 


tion phenomenon seems difficult. In 
a metal known only to twin or cleave, 
such striae might represent thin sur- 
face twins formed at the moment of 
cleavage; or they might conceivably 
represent an incipient action of slip 
movement, ordinarily presumed to be 
dormant. 

Other Markings Attention 
might also be called to the pits or 
inclusions lying along the fissures in 
all three fractographs, the obvious 
crystal imperfections lying to the 
right of the center in Fig. 2, and the 
prominent ridgelike marking running 
up the center of Fig. 3. It is not clear 
whether that latter marking is a sec- 
ondary cleavage or a deformity in the 
crystal, for fissures are not character 
istically displaced in crossing i! 


Order of Formation 


From the various interferences of these mat 
ings, their order of development can be postulated 
Thus, the deflection of the fissures by the se 


nre- = 


ondary cleavages gives the secondary cleav:ge 
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= twin bands to show nonuni- 
ry -emity of any sort either at i. -_ ‘ibs 
ds, —~.* CT a ETE © ference ae - | 
the secondary cleavages or Sn | 
lae ; —_ ° ° oe amie . 
i the fissures in turn indi- 7 nz on eer beeper rewerenpras a 
; vane ete ae 2 WET reer By oe 
cates that the bands prob- : ram Sal an , 
ra ey 5m ap et . . 

It ably formed before the | 
gs matrix suffered those sepa- | 
ar- rations. Since twinning is a ( ‘| / } oP) ke | 
ty. plastic phenomenon and the qnain nipaienee cote | 
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phenomena, it is logical to 


hic presume that the twin r {ae 
in- bands formed first. 
it As for the striae, their aoe aa A Pip 











of complete and undisturbed 
ies superimposition across all 
structures makes it seem 
ets probable that they formed 
sly last, perhaps at the instant 
ne of separation of the plane of 
to- observation. 
tht In other words, frac- 
eS, ture proceeds in the follow- 
is- ing order: | 
> 1. Plastic movement | 
nd by twinning, ' 
or 2. Partial separation ; 
he along both primary and sec- 
1a- ondary cleavage planes, 
In 3. Failure of lineage 
‘¢, Zi junctions which, however, 
IT remain locked together 
of because of the intricate 
| course of the failure and, 
ip finally, 
be 4. Complete separation 
along primary cleavage 
yn planes. 
or At the instant of cleav- 
In age, some final cohesive Fig. 2 — Broad Twin Bands in Fractured Surface of Cast Bis- 
1 force, possibly related to muth, Enclosing Narrow Bands of Untwinned Metal. 250 
e surface tension and wetting, 
- may cause the crystallo- 
ig graphic overlayer of fine ,triangular lines called 2. Secondary cleavages, representing incom- 
« fm Striae, representing crystalline reorganization of plete separation along a prismatic or pyramidal 
fi the newly formed surface. plane family at the time of complete separation on 
” the basal plane of primary cleavage. Further 
4 Summary understanding of these markings in bismuth 
remains obscure. 
An earlier cursory examination of the cleavage 3. Fissures, representing separation in vary 
patterns of bismuth is expanded to show certain ing degree up to completeness along some type of 
unusual structures in more detail, and their inter- intragranular boundaries, probably lineage bound- 
relationships indicate the following order of devel- aries. These fissures are actually secondary 
opment during fracture by impact: cleavages, comprising a winding progression ol | 
|. Twin bands, representing preliminary microscopic separations on prismatic or pyramidal | 
34 «te deformation. planes; but their visual characteristics and their 
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Fig. 3 — Systems of Twin Bands Intersecting at 60°, in Keep- 
ing With Rhombohedral Crystallinity of Bismuth. 400X 


indication of a definite type of intragranular weak- 
ness warrants separate identification. 

4. Striae, which are fine geometric markings 
of unknown origin overlying as a triangular matte 
the entire cleavage facet. Presumably they are the 
last structure to form, developing at the instant of 
cleavage and possibly representing a thin surface 


reorganization, twinned or untwinned, of the layer 
previously cohering across the cleavage plane and 
suddenly forming this new surface. 

In addition to these structures, there is the 
primary cleavage plane, or plane of observation: 
and there are other markings expressing inheret! 
nonuniformities of the crystal. £ 
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Statistical Control 


Applied to 


Wrench Manufacture 


Berween the steel mill and the final user of a 
finished metal product stretches a chain of require- 
ments as to performance and quality, generally 
called specifications. A mechanic on an airfield 
in Australia asks only that the wrench he uses shall 
fit the nut without slipping and be as strong as 
the bolt it is tightening — that is his specification. 
Such a specification, however, must be translated 
by the manufacturer of the wrench into tolerances, 
torque strength, and finished appearance. These 
design specifications are next translated into terms 
of manufacturing operations — forging, machin- 
ing, grinding, and polishing —and they require 
steel with definite physical characteristics such as 
good surface condition and reasonable freedom 
from seams, and also certain other requirements 
such as mechanical properties, hardness, and 
machinability, together with corresponding metal- 
lurgical requirements such as microstructure and 
hardenability. In order to produce steel with these 
desired characteristics the metallurgist translates 
them into terms of chemical composition — carbon 
content, various alloying elements -——and phys- 
ically into terms of the mill’s operations. 

If all these different specifications, each 
expressed in a different language, are correlated 
and are adhered to, the mechanic in Australia will 
get a wrench that he can depend upon. 

lt is the purpose of this paper to discuss some 
Way in which statistical control can be applied to 
the fubrication of sound material into finished 
products — specifically, a flat wrench. The prob- 


By F. J. Robbins 


Vice-President, Plomb Tool Co. 
Los Angeles 


lem of raw material procure- 
ment will not be dwelt upon — 
not because it is of little impor- 
tance, for it is of the greatest 
importance — because it has 
been so frequently discussed in 
engineering literature for ten 
years, at least. Much less infor- 
mation has been available about 
the quality control within the 
parts manufacturing plant 
itself, other than on compara- 
tively recent operations on ord- 
nance items such as bullets and 
cartridges made by the million. 
Yet every manufacturing plant, 
even one whose product may be 
numbered in dozens or hun- 
dreds, has been faced with the 
necessity of reducing the amount of unacceptable 
work, rejects, reworks, and scrap. These may be 
due to equipment failures, lack of experienced and 
qualified personnel, carelessness, and numerous 
other familiar causes. It is an accepted fact that it 
is better to avoid trouble in the beginning than to 
devise corrective measures after the trouble has 
developed. “Statistical control” provides a method 
of predicting some kinds of trouble before they 
occur and permits of remedial steps before scrap 
and reworks result. 

Certain metallurgical processes such as heat 
treatment are frequently carried on as continuous 
operations. Great numbers of parts are produced 
during one shift or one day. Often, 100% inspec- 
tion is impossible either from the standpoints of 
economy, or that the part’s contour cannot readily 
be tested without damage. Some continuous means 
of inspection, such as statistical quality control, 
must be devised to allow for periodic checking 
with minimum expenditure of time and material. 

To illustrate this concept two or three exam- 
ples taken from our experience will now be dis- 
cussed briefly. 

The first illustration concerns receiving inspec- 
tion for steel bars, which the Plomb Tool Co. sub- 
mits to scientific sampling inspection. Seams and 
pits deeper than predetermined maxima are con- 
sidered as defects. Scabs, laps, sulphur stringers, 
machine and handling marks, cracks, scale, rust, 
and twisted and crooked bars are also considered 


as defects. Minimum and maximum tolerances 
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Table I — Hot Rolled Bars; Surface Inspection 





steel which is best suited ‘or that 
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and out-of-roundness are checked. From each lot 
(depending on its size) a certain number of bars 
are selected as a sample, in which a certain num- 
ber of bars are permitted to show defects. The 
sample sizes and acceptance numbers shown are 
taken from “Standard Sampling Inspection Tables” 
used by the Ordnance Department of the United 
States Army, which provide a wide range of 
quality levels and lot sizes. The inspection 


+2 
table is given in Table I. 

The top row of Table | indicates the 
number of bars received in one lot or one ; 
heat, regardless of the number of bundles 
which may be made from the lot. The second 0 
row is the initial number of bars to be 
inspected from each lot of steel bars accord- e 
ing to the number in the top row. If the num- 
ber of rejected bars found in the initial P 


sample exceeds the c, value shown in the 
appropriate column, then an additional sam- 3 
ple as shown in the row labeled “second sam- 

ple size” is to be selected from the lot or heat. 

If, out of the total of both samples (first plus 
second) the number of rejected bars exceeds 

the quantity indicated under c., the entire lot 

or heat is to be rejected, in accordance with 
standard practice, and reported to the chief 
metallurgist for action with the source. 

If, on the other hand, the initial inspec- 
tion (first sample) shows rejections not 
exceeding the quantity indicated under c,, the 
entire shipment or heat is to be considered 
acceptable. If the first sample shows rejec- 
tions exceeding c,, and the combined first and 
second samples show rejections not exceeding 
cy, then the lot is to be considered acceptable. (It 
should be understood that the values for c, and 
c, represent a definite tolerance; if the demands of 
the product required a cleaner bar of higher qual- 
ity, the c, and c, values would be correspondingly 
lower. As noted, the Army inspection tables show 
specific figures for many quality levels.) 

A record of each shipment, showing its stor- 
age location, size and quality characteristics, is 
put on a 3x5-in. card and filed by type and size of 
steel. Whenever the factory calls for cold drawn 
steel for a specific product — say, 1%-in. round 
reference is made to these cards and the lot of 


> 
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In fact we are sure thai 
receiving and outgoing inspec. 
tion of all sorts can benefit by the scientific 
sampling inspection procedure outlined above. 
Scientifically designed inspection at the steel mill 
before shipment, would practically guarantee 
acceptance of every shipment. It seems to us, as 
users, that the mill could have on file the quality 
standards of its important customers, and also 
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record the quality characteristics of each heat. |! 
would then be a simple matter to match up the 
two records and ship to each customer (at leas! 
in normal times) the quality he needs. 

Even more constructive would be an under- 
standing between the steel mills and their custom 
ers, as organized groups, on quality standards, and 
on a mutually agreeable inspection procedure 
Such a procedure, applied by the mills at one end 
and by the customers at the other end, would 
practically eliminate misunderstandings due 
claims and adjustments. 

Translating mill quality into terms of col 
sumer requirements, as suggested above. is * 
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constructive link in the chain of specifications. 
nother link, equally important, is the correlation 
of the manufacturer’s process with his customer's 
requirements, SO, as the second illustration of 
statistical control, consider the torque required on 
a flat wrench. If the minimum specified torque 
is 1500 in-lb., the wrench musi be of proper design 
and be properly heat treated. The latter involves, 
first, the necessary steel and hardness; second, 
if the designer specifies 46 to 48 Rockwell, the 
inspector at the draw furnace should have some 
procedure by which he can tell, with a high degree 
of assurance, whether the wrenches he does nol 
inspect are meeting that tolerance.* 

At Plomb Tool Co. the translation of Rockwell 
specifications into inspection procedures for heat 
treatment has been achieved very satisfactorily. 
First, a control chart study of the process was 
undertaken, two days of which is shown in Fig. 1. 
In order to make this chart, a sample of four 
pieces was taken from the draw furnace every half- 
hour and Rockwell tested. The average hardness 
of the four pieces was expressed as deviations 
from the nominal midpoint of the specifications 
that is, specified: 46 to 48; nominal midpoint: 
47); and the difference between the largest and 
smallest reading was recorded as the “range”. 
Then, by use of the formulas in American 

*Many of those who have had no experience with 
sublot inspection have difficulty in accepting the idea 
that the quality of the uninspected material is the 
same as the quality of a 
properly selected sample — 
at least to a very high 
degree of probability. (The 


Standards Association Standard Z1.3— 1942 
(page 39), process limits were calculated for each 
day’s work. In Fig. 1, these process limits are 
indicated by the short dot-and-dash lines, each 
day’s average by the short solid lines, and the aver- 
age of each four-piece sample by a dot on the 
chart. On the lower part of Fig. 1, the “range” for 
each sample is plotted. Standards were then 
determined which the process was able to meet 
and which fulfilled the specification requirement; 
these are shown as long dashed lines in Fig. 1. 

From this analysis it became clear that the 
furnaces were in satisfactory condition, because 
each day's spread or scatter was smaller than the 
difference between the two standard limits. Any 
failure to meet the specifications was apparently 
due to a slight misadjustment of draw furnace 
temperature, since the first day averaged about 
¥% Rockwell point above the nominal midpoint 
and the second day averaged about 4 point below. 
In order to keep draw furnace temperature at the 
correct level the simple yet scientific inspection 
procedure shown in Table II was based on these 
findings and put into effect. 

Translating specifications into workable 
inspection standards is one of the greatest contri- 
butions of statistics to manufacturing efficiency. 
Inspection standards, designed as this one was to 
control the process at a wished-for level, bring to 
the factory executive a certainty of quality difficult 
to attain by any other method. 


Table II — Heat Treatment Process Inspection Procedure 





same persons would doubt- 1. 
less accept the results of a 
chemical analysis of a begins. 
proper sample of a_ ship- 2 
load of iron ore, although 3. 
the determination was 
actually made on an infin- 4. 
itesimal portion of the 
whole.) To them, “100% 
inspection” is the only safe 6. 
way, forgetting that (a) 
tolerance limits for go and 
no-go must be chosen even 
for 100% inspection, and 
(b) the inspector himself 
is human and may some- 
times get tired or careless. 
lt is a known fact that a 
considerable number of 
rejects of 100% inspection 
will fall within the accept- 
able limits on reinspection, 
and it is a logical conclu- 
sion that at least as large a 
humber of rejectable items 
actually would pass as 


7. Examples: 
Specified Rockwell 
Nominal midpoint 
Hardness readings 


Actual range: 


Permissible range: 
Conclusion: 


Test four pieces every half-hour from the output of the draw furnace, 
Such inspection should be made as soon as possible after each run of any tool 


2. Calculate the average hardness of each four-piece sample. 
Calculate the range (difference between largest and smallest reading) 
in each four-piece sample. 
No sample average shall be more than +£0.75 Rockwell points from 
the nominal midpoint of the specification. 

5. No sample range shall be larger than 2.0 Rockwell points. 
If any sample fails to meet the test, the draw furnace shall immediately 
be adjusted accordingly. 


Arithmetical average: 


Permissible average: 


A B 
45 to 47 47 to 48 
46 47.50 
45, 46, 45, 45 48, 46, 45, 47 
45.25 46.50 
46-45=1 48-45 = 3 
46 + 0.75 = 46.75 to 45.25 47.502 0.75 = 48.25 to 46.75 
5 9 


This sample is satisfac- This sample is not satisfac- 
tory. tory. The average is too 
low, the range too large. 
Appropriate adjustment 
in the operation should 

therefore be made. 











acceptable, 
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Sometimes, when the desired quality is not 
known, the manufacturer must, first of all, coop- 
erate with his customer in finding out what the 
requirements of the product will be in use. 

As the third and last illustration our experi- 
ence in setting up the production of a new type of 
wrench can be described. It was necessary to 
decide what maximum torque the wrench would 
have to stand in actual use. This consumer 
requirement was particularly important because 
of the special conditions for which the wrench was 
designed. Rather than depend upon standard 
tables for information, the engineering department 
undertook a field survey; several hundred nuts of 
the kind for which the wrench was designed were 
selected as nearly at random as possible from the 
stock of a number of dealers. Each nut was put 
on a bolt, tested to failure, and the ultimate 
torque strength recorded. The highest torque 
required to break any nut or bolt of this lot of 368 
proved to be 1510 in-lb. and the average was 1328. 


Table III — Torque Tests 
on Nuts and Bolts and Wrenches 











NUMBER OF NUMBER OF 
Cuiass INTERVAL NuTs AND BOLTs WRENCHES 
BROKEN BROKEN 
1000 to 1049 in-Ib. | 1 
1050 to 1099 4 
1100 to 1149 14 
1150 to 1199 | 6 90 
1200 to 1249 | 35 161 
1250 to 1299 83 82 
1300 to 1349 112 17 
1350 to 1399 | 88 2 
1400 to 1449 31 
1450 to 1499 | 12 
1500 to 1549 1 
Total | 368 371 











As the next step in the project a test was 
made of the strength of a trial run of wrenches 
supposed to be strong enough to match these bolts. 
Each of the wrenches was torque-tested to the 
breaking point. The results showed that the weak- 
est wrench broke at 1040 in-lb., and the average 
of 371 wrenches was 1223 in-lb. Table III, in the 
form of a frequency distribution, compares the 
two series of tests. 

Obviously the proposed manufacturing 
method was not satisfactory; it did not meet the 
consumer’s requirements. 

There followed a study of the process. Raw 
materials, labor, supervision, and machines were 
analyzed. Control charts showed that, insofar as 


consistency of quality was concerned, mos! of the 
bad work was being done by a few workmen. After 
their errors had been corrected, it was found that 
the five wrenches which failed between 1000 ang 
1099 in-lb. could be ignored. As a result of elimi. 
nating these poor wrenches, the weakest one broke 
at 1120 instead of 1040 in-lb. The average strength, 
however, increased only 2 in-lb., and was nowhere 
near good enough to meet the minimum required 
strength of 1500 in-lb. 

So far, the statistical analysis combined with 
process investigations had been successful in 
reducing the variability of the process, but had not 
improved the average appreciably. In the sense 
that known causes of bad work had been removed, 
the process was “in control”, but it was still at an 
unsatisfactory level in relation to the requirements, 
In such a situation, experience has shown that 
the only remedy is a change in the process. In 
the present case an increase in strength sufficient 
to raise the weakest wrench well above the mini- 
mum tolerance limit of 1500 in-lb. would be 
necessary. 

Experiments with the heat treating process 
were therefore conducted, and a method was 
devised which promised to provide the extra 
strength — more costly, but still less expensive 
than a change in steel. Then another trial run ol 


about 300 wrenches was put through, using the - 


new heat treatment process. After applying torque 
tests as before and analyzing the figures, the new 
average strength proved to be 2410 in-lb. and the 
weakest wrench broke at 2090 in-lb. 

With a controlled process at a satisfactory 
level, sound and sensible specifications could then 
be set up. Based on these facts, the lower toler- 
ance limit was set at 2000 in-lb., providing a 33% 
margin of safety over requirements; no upper 
limit was specified. 

In summary, the cited applications of statis- 
tical control to steel fabrication illustrate how a 
chain of mutually agreed upon specifications can 
link the user of a product to the producer of the 
raw material. For each specification, tolerance 
limits can be set up in terms which control both 
the manufacturing process and the inspection 
method. These controls function as guides to 
quality, segregating unacceptable work. 

To the factory and mill executive several 
methods of control are available, among which 
the statistical approach is one of the most effective. 
Because it insists upon adequate facts, correctly 
analyzed, statistical method helps good engineer 
ing and common sense to reach sound conclusions. 
In steelmaking and other phases of metallurgy 
this technique can and should play an important 
future role. 
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Critical Points 


By The Editor 


\' rHE AMERICAN SOCIETY FOR TESTING MATERIALS, 
‘4 during discussions on the testing of com- 
pleted machine parts, numerous machines for 
the testing of bearings were described by men 
in the automotive industry. Strangely enough, 
even in the most carefully designed equipment 
for running a ball or roller bearing under over- 
load, the lives of a series of high grade bear- 
ings — supposedly identical — vary over a ratio of 
one to ten. (Sleeve bearings test much more uni- 
formly, the ratio of best to worst in a given lot 
being less than two to one.) This spread of 1000% 
would indicate to a specialist in statistics that the 
operation, either manufacture or test, is out of 
control, yet no machine part is 
more meticulously made out of 
higher quality materials, and 
there is not much to criticize in 
the testing equipment. ... . An 
outsider would rather question the value of testing 
at all! How can, for example, the relative merits 
of carburized steel and through hardened alloy 
steel for rollers be appraised in a test whose results 
must be averaged or appraised over such a wide 
range? As was pointed out by J. M. FRaNKLAND 
of Chance Vought, it must be assumed that these 
laboratory tests roughly parallel service life, but 
they present the aircraft designer with a dilemma 
~if he uses the smallest possible bearing in order 
'o save weight it is too likely that it will be one of 
the many weak sisters normally to be expected 
and fail in a disappointingly short time. H. R. 
{igpons of Hyatt showed that when a series of 
bearing tests are plotted in order of increasing 
life-to-failure, the resulting curve has a strange 
Similarity to the curve of human life expectancy 
used by life insurance companies; Gippons said 
the problem was “to reduce infant mortality”! 
Whether this similarity in life expectancies is any- 


Variability 
in Tests 
on Bearings 


thing more than a happen-so is an interesting 
speculation. In this connection THe Epitor is 
reminded of tests on pilots made at Wright Field; 
some pilots “black-out” under accelerations of 

three times gravity (3g); others go 
Better up to 6g. Here’s a two to one range 
Sleeve — not ten to one..... E. T. JonHn- 
son of Chrysler Corp. said that 
sleeve bearings had improved 100% 
in quality during the decade 1931 to 1941, not 
through changes in composition or metallurgy, but 
by redesign. During that time the steel backed, 
thin walled bearing of high dimensional accuracy 
became standard for connecting rod and main 
crankshaft bearings. 


Bearings 


ee of metals has been given an enor- 
mous amount of study, most tests being made 
on small round specimens, highly polished and 
accurate, with the result that the “fatigue 
strengths” of sound steels, tested in noncorrosive 
conditions, appear to be from 40 to 50% of their 
ultimate tensile strengths. Designers quickly found 
that they could not safely use such a value in 
dimensioning a new part; parts unfortunately had 
a habit of breaking in service with well defined 
fatigue fractures at a computed stress much lower 
than this theoretical value. Hence it has become 
popular to test full sized parts or assemblies — a 
plan long followed with notable success by Oscar 
HorGer and his associates. They have recently 
found, for example, that heat treated axles actu- 
ally fail in fatigue at from 13,000 to 50,000 psi. 
through the rough forged section (whereas a lab- 
oratory specimen of the same steel would be 
expected to develop 100,000) and were able to show 
how decarburized skin and 

Utilizing cold straightening were 
Fatigue Tests responsible for the lowest of 
in Designs the experimental values. Dis- 
cussion at the A.S.T.M. meet- 

ing brought out the facts that such service failures 
can be related to fundamental information, and 
that the actual tensile stress at the nucleus of 
failure is much higher than the computed, due to 
stress concentration from one or more causes. For 
another thing, the theories of stress distribution 
— especially in tapered and twisted parts like a 
turbine bucket — are inadequate and depend on 
rough approximations, and so when the designer 
says that his formulas locate the maximum stress 
at a certain location and a certain value, the care- 
ful engineer will demand supplementary informa- 
tion from photo-elastic studies and tests with 
Stresscoat. Metallurgists would have been grati- 
fied by the summary presented by Orro ALMEN, 
General Motors’ expert. He said there were three 
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important factors to watch — the material (which 
almost never gives any trouble), the design, and 
the processing. When all are good the load car- 
rying stress for the life of the machine may be 
ranked as 100%. When material and design are 
both good but processing is poor, the load carry- 
ing stress for the life of the machine drops to 
about 50%, whereas if material is good but design 
and processing are both poor, then you’re lucky 
if it is 10%! 


 aenienreag one questions how much the micro- 
scope is used in the metal industry (production 
rather than research) so it may be news that 
bonus pay over basic rates in one large magnesium 
foundry is based on grain size counts of finished 
castings — men in the melting room being paid 
according to the number of grains they cast, as il 
were. The justification is that 
fine grain is the result of good 
melting practice (proper super- 
heating, stirring and so on) and 
the melters have no alibi for a 
coarse grained casting. One can 
readily see, also, how such a standard could be 
changed only with difficulty. If it is based on 
number of grains per cubic inch, it would be 
impossible to convince the workmen that the man- 
agement was not up to some union-busting trick 
if metallurgists would start measuring grains by 
the cubic centimeter — unless, of course, the 
factor of plus 184%% could enter the conversion. 


Bonus Pay 
for Fine 
Grained 
Castings 


a of laboratory tests with service 
results is obviously necessary if the former 
are to have commercial application, but it becomes 
increasingly difficult when corrodibility is the 
property to be tested. I once saw a list of about 
30 things “to be kept constant” in corrosion test- 
ing; certainly very few of them would remain con- 
stant in actual use—hence the value of the 
atmospheric exposure tests started so many years 
ago by the American Society for Testing Materials. 
Some of the most recent reports concern the high 
chromium and nickel alloys which naturally repel 
any laboratory medium except one so corrosive 
that it has little relation to anything encountered 
outside the heavy chemicals industry. Fifteen 
vears of exposure in test racks on a New York 
building — one of the worst of 

Records of the industrial atmospheres - 
Stainless in show that none of the commer- 
Atmospheric cial, unpassivated 18-8’s, or 
Exposure 16% Cr alloys of various carbon 
content, lost appreciably in ten- 
sile strength, elongation, or weight, and while they 
were stained dark there were few actual rust spots. 


The 12%% Cr steels, on the other hand lost up 
to 25 mg. per sq.in. (which figures to an average 
penetration of 0.20 in. in 15 yr.). These findings 
are checked by recent examination of Stainless 
steels on monumental buildings. In New York the 
exposed steel in the Empire State and Chrysle; 
buildings (decorated with Type 302 18-8) ,, 
covered with a dark film of soot, but the surface 
is still smooth and reflective and no damage js 
observable to the metal beneath when it is scrubbed 
clean. Similar steel in the Philadelphia Saying 
Fund Society Building, or in a Reading Railroad 
streamliner, shows no sign of tarnish or corrosion 
after a dozen years. On Atlantic City store fronts 
the 17% chromium steel discolored quickly; even 
18-8 moldings so placed that salt spray can dr 
and proper drainage is absent will pit and rust in 
spots, but surfaces regularly cleaned by windoy 
washing remain in good condition. Stainless stee| 
deck houses on naval destroyers are painted for 
camouflage; ten years’ service shows no signs of 
corrosion in such metal. 


— is such an omnipresent enemy o! 
metal and it costs so much to combat it (about 
40% of our metal production is used each year t 
replace rusted-out equipment) that it is not sur- 
prising so much study is being given to the 
matter; in fact an American Coordinating Con- 
mittee on Corrosion has been actively function- 
ing for several years. Also we now have a National 
Association of Corrosion Engineers, and at thei! 

recent meeting in Kansas City 
Corrosion much discussion was had about 
Engineers the effect of slight amounts of this, 
Organize that or the other thing in the 
enveloping medium —traces ol 
substances either accidental, or a product of the 
corroding reaction itself, or an inhibitor purposely 
added. A most bizarre but serious suggestion was 
made by GEORGE SEAGREN of Mellon Institute con- 
cerning the painting of metals in a_ corroding 
couple exposed to sea water (and always remeli- 
ber that what works in sea water containing 
barnacles may not work in sea water free of orgal- 
isms, or in brackish ground waters, or in potabl 
waters). He says if you want to prevent serious 
attack on the anodic metal in sea water, paint the 
cathodic metal — the one that doesn’t corrode 
It’s like painting your neighbor’s brick house 
(God forbid) to stop decay in your own wooden 
shack! 


_— THE END of the war —the shooting Wa 
—eancellation of governmental contracts 
included most of the metallurgical research prr 
ects, and the interim and final reports of thes 
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qvestigutions are gradually being taken out ol 
the confidential category. Hence Metal Progress 
was able to print much new information on the 
alloys used in gas turbines in the July issue, and 
the ‘AS.T.M. to hold a series of meetings on high 
temperature alloys at the recent convention in 
Buffalo. Howarp Cross of 
Battelle Memorial Institute 
(who supervised much of this 
work for the Government) also 
announced that the Navy was 
projecting these studies along six different lines in 
the laboratories of Battelle, Ann Arbor, and of the 
Crane, Armco and Midvale companies: 1. A con- 
tinuing investigation of the most promising com- 
plex alloys based on chromium; 2. A continuing 
determination of the engineering properties of the 
promising alloys already known; 3. A study of 
large disks of N155, $590, S816 and Inconel X 
the latter alloy, containing aluminum, titanium 
and columbium, age hardens about as fast as it 
stretches at 1350° F. and so has zero creep for 
20,000 psi.; 4. A general study of the metal- 
lurgical fundamentals responsible for good prop- 
erties at highest temperatures; 5. Weldability tests 
of heat resisting alloys to indicate relative crack 
susceptibility of various combinations of wheel 
and bucket alloys; 6. An investigation of ceramic 
materials. Cross said that the last mentioned has 
already gone far enough to indicate that any 
ceramic material for dynamic loadings must be free 
of any glassy or amorphous phase; it is possible 
that useful parts may be made of powdered alu- 
mina, beryllia and zirconia, bonded by the inter- 
crystallization of the constituents. ... . It is known 
that six years of research in wartime Germany had 
brought no success in ceramic blades for gas tur- 
bines, although they were aiming at a working 
temperature of 1800° F. and a tip speed of 500 ft. 
per sec. German studies on hard 


New Studies 
on Alloys for 
Gas Turbines 


Ceramics sintered materials such as Car- 
for Work borundum found them to be 
at High strong at elevated temperature 
Temperature and also with high enough con- 


ductivity so that failure from 
differential thermal stresses would be unlikely, but 
the molded and sintered blades warped out of 
dimension and it was commercially impossible to 
grind or machine them. Complete disks, 8 in. diam- 
eter, with integral blades were made of fused silica, 
but their utility was sharply circumscribed by the 
very slow preheating and cooling necessary during 
periods in use, to avoid thermal cracks. The best 
porcelains found had a quartz base, with additions 
of aluminum and manganese silicates; blades were 
molded and baked at 2500° F. However, strength 
Was quite various, blade to blade, and even the best 


of them seriously weakened at 1500° F. and above. 
Ceramic covers on steel cores were uniformly 
unsatisfactory; the difference in expansion rates 
over the entire working range of temperature was 
always enough to cause the surface to crack. Per- 
haps the latter could be solved by a fusible ceramic; 
fusible enough to be plastic and self-healing at 
operating temperatures, but viscous enough to 
stick on the whirling blade despite high centrifugal 
forces. 


Wi THE EXCEPTION of a notable paper by F. 5S. 

BapGer of Haynes Stellite Co. on the nickel- 
molybdenum and the cobalt families of alloys (of 
which were cast most of the blades and dia- 
phragms for the wartime gas turbines and turbo 
superchargers), the A.S.T.M. papers concerned 
other alloy systems surveyed to discover composi- 
tions likely to give even better properties at high 
temperatures. In systematic work on nine ternary 
systems, RoBpert Parke and F. P. Bens of Climax 
Molybdenum Co. found an alloy containing 60% 
Cr, 15% Fe and 25% Mo which has the highest 
stress-rupture value known at 1600° F. -- namely, 
30,000 psi. for 430 hr. Ductility in that test was 
fair (6% elongation and 6% reduction of area), 
but in room temperature tests most of the alloys 
were nonductile—a matter probably of most 
importance in avoiding damage during fabrication, 


assembly, and = shipment. 


Evaluation Room temperature ductility 
for Thermal was usually better in alloys 
Stability vacuum melted and cast, but 


difficulties of translating such 
technique into methods for tonnage production 
would be somewhat staggering. Whether it would 
eventually be necessary, indeed, may be doubted 
in view of two remarks heard in lobby discussions: 
(a) That Timken has been’ so successful in the 
16-25-6 alloy for turbine shafts and disks because 
of an unexampled combination of talent, experi- 
ence and plant and (6b) that the analysis of certain 
of the special Westinghouse alloys was easier to 
discover than commercial methods for melling and 
casting them. .... : A laboratory investigator gen- 
erally gets a quick appraisal of an alloy by a short 
time, high temperature tensile test; the sheep, 
separated from the goats in this manner, are then 
If the alloy still 
looks promising, the more time consuming creep 
and fatigue tests are started. Other than deter- 
mining the heat conductivity, no means is yet 
known to get some indication of an alloy’s resist- 
ance to thermal checking; some test should be 
devised, for this is the cause of a large proportion 
of the service failures when metals must undergo 
constant and wide fluctuations in temperature. @ 


appraised by stress-rupture tests. 
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Salt Bath for Heat 


Treating 18-8 


One of the ever-present problems confronting 
the designers of each new high powered aircraft is 
the necessity for conveying the exhaust gases 
away from the engine as quickly as possible. 
These gases emerge from the cylinder ports at a 
temperature between 1650 and 1800° F., and must 
obviously be taken away rapidly in order to pre- 
vent damage to the cowling, engine nacelle and 
surrounding structures. One of the few metals 
which has proved completely satisfactory for this 
job is stainless steel, and its success in performing 
this important function has accounted for its 
greatly expanded use in the aircraft industry. 

The Ryan Aeronautical Co. is the only major 
aircraft company with an important manufactur- 
ing division devoted entirely to the mass produc- 
tion of aircraft exhaust manifold equipment. Well 
over 100,000 manifolds for installation on bombers 
and fighters were made during the war (Fig. 1). 
In the process of developing better exhaust sys- 
tems, many new uses for the gases have been dis- 
covered, such as for wing anti-icing, for heating 
gun installations, for warming surface controls 
and cabins, and for driving turbo superchargers. 
Extensive use of stainless steel in all such equip- 
ment, with the accompanying manufacturing 
processes such as welding, annealing, stamping, 
pickling, sandblasting, passivating and cleaning, 
has provided the research laboratory with an 
opportunity to acquire a mass of knowledge on the 
behavior of this important metal. 

Exhaust manifold parts are made from sheets 
of stainless steel of the basic 18-8 type stabilized 
with either columbium or titanium, and with 
modifications of finish and composition specified 
by the laboratory. These sheets are cut, stamped 


By Keith Whitcomb 
Chief, Electrochemical Lihorator, 


Ryan Aeronautical (o, 


San Diego, Calif. 


into half sections and tack. 
welded. Then they are trimmed 
and seam-welded by either the 
atomic hydrogen or the oxy. 
acetylene process. The parts mus 
then be annealed to remove the 
strains set up by the heat of 
welding. Temperature of 
“annealing” is 1700° F. or higher, 
considerably higher than for 
softening or stress relieving ordi- 
nary steel parts, since 18-8 staip- 
less steel may become susceptible 
to embrittlement if not ade. 
quately “stabilized” and if it is 
heated within the range of 800 to 
1500° F. High temperature annealing not only 
eliminates the possibility of failure in the area 
adjacent to the weld by modifying the grain 
structure in the weld metal itself, but also improves 
the physicals of the heavily cold worked metal ata 
sharp bend. (For example, test bars, having been 
strain hardened by stretching them to 75% of their 
total possible elongation, will give an additional 
35% elongation by a 5-min. treatment at 1650° F,; 
15 min. in an air furnace at 1980° F. will produce 
additional 40 to 45% elongation on similar bars.) 

Prior to heat treatment, if done in an air fur- 
nace, the weld flux must be loosened in acid, and 
then removed by sandblasting. A typical schedule 
for these conventional operations is: 

1. Defluxing in an acid tank; 15 min. 

2. Removing flux (sandblasting); 2 min. per part. 
3. Annealing in an air furnace; 12 min. 

4. Descaling in hot acid bath; 30 min. 

This indicates that there are four basic steps, 
requiring 59 min. for the process alone, not inclu¢- 
ing handling time. Also, some of these steps are 
relatively expensive — sandblasting, for example. 
As a result of a search for better methods of mass 
production at reduced costs the research depart: 
ment found a new and completely successfu! 
method for removing welding flux, and for anneal- 
ing 18-8 stainless steel by a process faster and more 
economical than the former method. Patent appli- 
cations on this innovation have been made by the 
Ryan Aeronautical Co. 

Early in our investigations we decided thal 
the simplest and most economical method fo 
meeting the requirements would be by using 4 
molten salt bath for annealing, followed by pickling 
in a cold acid bath. The molten salt must have 
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gveral important charoctentatios 
it is to anneal and deflux simul- 


taneously : 
1. It must have viscosity at 
operating temperature low enough 


for low dragout. 
9 It must react with the flux 


to dissolve it. 
3. If it is not exactly neutral 


to the steel, it must produce a uni- 
form oxide scale of a type easily 
removed by pickling. 

4. It must have a low enough 
melting point and a degree of sta- 
bility to be safe for employees and 
the parts to be processed. 

Several salt mixtures have 
been on the market for heat 
treating steels. One of these, 
pure barium chloride, was rec- 
ommended to us as being capable 
of operating at the required tem- 
prature without appreciable 
decomposition. Since the parts 
are of stainless steel, with high 
corrosion resistance, “rectifica- 
tion” should be unnecessary. 
(“Rectification” will be discussed 
briefly in a later paragraph.) 

We installed an electrically heated salt bath 
Fig. 2) and went to work. The furnace itself is 
a well insulated tank lined with tile. The salt is 
heated by passing a low voltage alternating cur- 
rent through it by metal electrodes immersed in 
the molten salt. The furnace was designed to 
operate at temperatures from 1950 to 1980° F. It 
immediately became apparent that pure barium 
chloride has many disadvantages for use with 
stainless steel. It decomposes quite appreciably 
at 1950° F.— as a matter of fact, damaging quan- 
tities of chlorine gas were liberated for the first 
three weeks the bath was in operation. After this 
lime the unrectified bath proceeded to dissolve 
material at the grain boundaries of the cast elec- 
trodes, and the set originally provided with the 
installation failed completely in 26 days. Another 
set was installed and it too succumbed within a 
few days. At this time the furnace was shut down 
and a series of experiments were conducted with 
Various metals to get a suitable electrode material. 
Finally, a set of 3-in. round forgings of Inconel 
Were welded to the arms of the electrodes in place 
of the cast stubs. These wrought bars have been 
use for a good many months now and show no 
signs of corrosion. Metallographic examination 
alter 90 days indicated that penetration along the 
grain boundaries had progressed only about % in. 

Afler overcoming the bothersome problem of 
finding the proper electrode material, there still 


om ~ * az: a - , - 
- “ “4 
oe _ " A 7 

- - wa c — 


> 2 


Fig. 1— Exhaust Manifold Collector for 18-Cylinder Twin- 
Row Engine With Front and Rear Exhaust Outlets. 
incorporates a provision for dual turbo supercharger operation 


remained a most important disadvantage: Parts 
treated by the bath eventually became scrap mate- 
rial! A day after the heat treating and pickling, 
the parts rusted and pitted badly, as shown in 
Fig. 3. In an effort to save them, they were sand- 
blasted to remove the rust and remaining salt, 
but after a few days of standing, rust spots 
appeared at innumerable points, possibly tiny pits 
containing traces of chloride. Metallographic 
examination showed that the salt had penetrated 
the surface about 0.003 in. It was felt that if this 
porous metal surface could be removed the parts 
would be suitable for use, so we scaled the parts at 
1980° F. and then pickled off the scale, but the 
problem was not yet solved. After a few weeks 
every tiny pore, crack and scratch oozed a tiny 
spot which rusted. We then set out to learn 
whether or not any salt was suitable for high 
heat treatment of 18-8. 

Samples from several commercial producers 
of heat treating salts to operate between 1650 and 
2000° F. were obtained. Each was heated to 
1750° F. in either an Inconel or stainless steel pot. 
Samples of stainless steel were then immersed for 
varying lengths of time and either quenched in 
water or allowed to cool in air. Some samples were 
then pickled but others were not. 

The salts were analyzed and found to be 
either pure barium chloride or barium chloride 
with added compounds. The general properties 
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of each salt — such as fuming tendencies, mobil- 
ity, and sludge formation — were observed. Stain- 
less steel samples were sectioned and examined 
metallographically to determine the extent of 
attack, if any. 


Summary of Results 


Pure Barium Chloride — When first heated, 
this salt liberates chlorine gas, as mentioned 
before. It makes no difference whether it is heated 
electrically by conduction, or held in a pot and the 
pot heated externally. No considerable amount of 
sludge is formed if the salt is not rectified. Dur- 
ing the first few hours of operation, the salt comes 
off the metal parts quite easily on quenching them 
in water, but by the second day the salt becomes 
very tenacious and extremely difficult to remove. 
arts treated in this medium will rust badly if 
every trace of salt is not removed within a very 
short time after treatment. At first the inter- 
granular attack on the steel is relatively small, 
but as the bath becomes contaminated with the 
oxide of barium, the intergranular attack increases 
markedly. 

After the bath had run for 24 hr., sodium 
chloride was added in rather large amounts. A 
great amount of white, acrid smoke — apparently 
sodium oxide— was evolved. After this treat- 
ment an attempt was made to maintain a rectified 
condition with a commercial rectifier. A large 
amount of hard sludge was formed, and from all 
indications the bath was finally rectified.* 

Salts A and B may be considered simultane- 
ously because they are so similar. They appeared 
to be composed of barium chloride to which had 
been added sodium and potassium chlorides. They 
both fumed rather badly, but presented a clear 


**Rectification” is a word used to mean different 
things by different people, and frequently the user 
has a very hazy idea of what he wants the word to 
mean. In this article we intend it to mean the puri- 
fication of the melt by chemically removing the 
by-products which form during the operation of the 
bath and which are detrimental to the heat treating 
process. We find that chloride salt baths are neutral 
at first but tend to oxidize when used at high tempera- 
tures. They then become very corrosive to the steel 
being treated. This occurs because the barium chlo- 
ride combines with oxygen to form barium oxide 
which is very corrosive and attacks the stainless steel. 
In order to prevent this decarburization and general 
attack, the products of the breakdown of the bath 
(barium oxides) are removed by rectification with 
sodium chloride. What possibly happens is that the 
sodium picks up the oxygen to form sodium oxide 
which fumes from the bath in a cloud of white acrid 
smoke, and the chloride adds more of that radical to 
the barium to produce more barium chloride, the 
original salt. 





surface and produced little sludge. Noither gi 
was rectified during the tests. The s:ine effer 
was shown here that appeared with pure bariyy 
chloride: After operating for a while the sa 
becomes hard to remove. This stage took Jonge 
to reach than with pure barium chloride | 

Dragout was not severe, so the hot mets 
parts quenched rather quietly to a dull brown | 
black surface, which was easily brightened }y 
pickling. Again, pickling was insufficient {oy 
complete salt removal; parts rusted over night jp 
contaminated areas. The flux-removing properties 
of the salts were rather poor. Intergranular cor. 
rosion was not excessive until after the bath had 
been operated for a relatively long time without 
rectification. 

Salts C and D may also be considered together 
because of their similarity. They both have the 
property of being constantly rectified by a blanket 
of powdered carbon and silicon carbide floating 
on the surface of the bath. The carbon serves as 
a neutral insulator between the barium chloride 
and air, while the silicon carbide reacts with any 
barium oxide, forming a hard sludge. Some of 
this sludge goes to the bottom while the remainder 





Fig. 2 Molten Salt Bath Furnace at Ryan Aer 

° . . ° — 
nautical Co. Plant. Furnace has rolling cover; quen® 
tank is located in the foreground; loading device ts abou! 


to immerse a group of 18-3 test pieces and « Idments 
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fit is supported by the layer of floating carbon. 
This floating layer made the use of this salt unde- 
.irable when another was found which would do 
the same job without this disadvantage. At opera- 
“ions over 1700° F., or where a neutral salt is 
required, these salts would be 
highly recommended as far 
superior to the other commer- 
cial salts tested. One of them is 
designed for the heat treatment 
of ordinary alloy steels and the 
ther for the heat treatment of 
high chromium alloys, and the 
diference in their behavior 
toward 18-8 is quite noticeable. 
ind min., one of them will pro- 
duce a layer of heavily cor- 
roded material about 0.003 in. 
deep, yet, unlike the similar 
layer produced by pure barium 
chloride, it pickles off almost 
completely. The other salt does 
not contribute greatly to inter- 
granular attack. 

These salts react violently 
when the hot metal parts are 
quenched in water, cracking loudly and spattering 
hot salt and water over a wide area. This may be 
caused by the carbide in the blanket material 
which sticks to the parts as they are pulled 
through it. Unlike the quenching action of the 
other salts, the surface of the metal was bright and 
practically free of all salt, and even if the parts 
are cooled in air it is a simple matter to remove 
the salt film. Both of these salts removed most of 
the welding flux from the samples, but in no 
instance completely. 

Pure Sodium Carbonate — This is the one salt 
which emerged as completely satisfactory. — It 


Table I — Rating of the Various Salt Baths 


needs no rectification; baths operated continuously 
for a month show no signs of giving trouble. The 
salt is easily and completely removed from the 
parts by dilute acid, and the light scale can be 
removed by a cold pickle we have developed. This 





Fig. 3 — General Corrosion on a Manifold Section Heat Treated in the 
Barium Chloride Type of Salt Bath, Pickled and Allowed to Stand 
in Air for a Few Days. The bath was rectified with sodium chloride 


makes the entire problem of heat treating welded 
18-8 sheet very simple. Since all silica-base mate- 
rials are very soluble in sodium carbonate, weld- 
ing fluxes are easily removed by the bath. We 
can therefore perform the heat treating cycle 
merely by a 5-min. immersion in the molten 
sodium carbonate followed by a cold water quench. 
The parts are then placed in dilute sulphuric acid 
to remove the salt, rinsed and placed in the cold 
pickle for another 5 min. Parts are then free of 
salt and flux and possess a very bright finish. 
Up to about 1700° F. (the operating tempera- 
ture of this bath) there is no fuming, but al 
1750° F. fuming becomes 
excessive. Since the bath 
needs no rectification, it 




















CHARACTERISTIC | BaCu, 
Fuming D D hs A 
Surface , -— A C 
Sludge ; ‘@ Cc C D 
Quench | ‘B A A D 
Color of part after | Brown- | : 

water quench green Black Brown Bright 
Stand in air D D D B 
Flux removal c D Cc B 
Intergranular attack | D B Cc D 
Dragout A A A C 
Removal of salt 

by pickling C B 5 . 
Rectification Yes | Yes Yes Yes 
Operating tempera- 

ture. °F. 1900 | 1750 1750 1800 


Sat “A” | Sat “B” | Sat “C” | SaLt “D”| Na:CO, 


produces little sludge 
other than the contami- 


= “ nants introduced by the 
D A parts themselves. It 
D A always presents a clean 


surface and the parts 


Bright | Black : 
. quench very quietly. Due 


~ : to its mobility there is 
A B very little dragout and 
Cc A the salt that does stick is 

easily removed. The cost 
A “ of the salt itself is far 
Yes No below that of the com- 


1800 1700 mercial heat treating 
salts. All in all, from the 
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standpoint of ease of operation, safety and cost, 
commercially pure sodium carbonate is by far the 
best annealing medium for welded parts of stabi- 
lized 18-8 stainless steel that has been tested in the 
Ryan Experimental Laboratory. 

The tabulation on page 297 may help to com- 
pare the properties of the various salts. Each one 
is rated A, B, C or D according to our opinion of 
its desirability or behavior, based on large-scale 
production conditions where it is necessary to 
heat treat stainless sheet parts for short periods. 

In view of the fact that all of the commercial 
salt mixtures which were tested were essentially 
barium chlorides with minor additions, it may be 
interesting to discuss what actually occurs to this 
salt at high temperatures. Although barium 
chloride has one of the highest decomposition 
points of the inorganic salts, it does decompose at 
1950° F., apparently reaching an equilibrium with 
the reaction products. As fresh salt is added and 
heated, chlorine is evolved, but this gradually 
ceases, leaving the conversion to oxide incomplete. 
This oxide-chloride mixture attacks stainless steel 
very noticeably, and as the bath reaches equi- 
librium the rate of attack is greatly accelerated; 
furthermore, traces of the salt become very diffi- 
cult to remove and the parts so contaminated rust 
very badly. Furthermore, if stabilized 18-8 sheet 
is left in a bath for a few hours, embrittlement 


occurs. 

We discovered that two distinct layers were 
present in such a “seasoned” bath. The top one, 
about 8 in. deep, was extremely corrosive; it 
would completely embrittle a piece of 0.031-in. 
sheet in 4 hr. 


The lower layer had about one- 





























































quarter of this effect. We were not able to deter. 
mine the exact compositions of the two !vyers. 
Since the corrosive action occurs only after 
the salt has partially decomposed to the oxide, jt 
would be logical to assume that if this reaction 
could be prevented, the salt would behave a 
normally expected. This assumption is borne oy; 
by experiment. 
Two methods of preventing the reaction are 
to exclude oxygen so that no oxide could be 
formed, or to add a substance which would remove 
the oxide as rapidly as formed. Some commer. 
cial chloride baths contain the chlorides of sodium, 
potassium and barium in such proportions that q 
ternary eutectic is formed. This produces a rather 
stable, low melting point salt which is quite mobile 
at operating temperature. These baths are usually 
rectified at least once every 8 hr. ' 
know, no authority has stated what happens if the 
bath is not rectified, but the effect is quite evident 
when 18-8 is treated in an unrectified bath. 
When one of these baths has been in opers- 
tion for a long period and fails to respond to 
rectification, it is customary to add sodium chio- 
ride to it. This has a very beneficial effect. The 
barium oxide in the bath combines with the 
sodium chloride forming barium chloride and the 
more volatile sodium oxide which proceeds to dis- 
till out of the bath, leaving it approximately free 
of oxides. Because most successful chloride salt 
mixtures contain sodium and potassium as well 
as barium, the most volatile oxide, either sodium 
or potassium, will leave the bath as fumes when 
the chlorine is liberated. This will proceed until all 
of the sodium or potassium has fumed out, and 
then the bath will become corrosive. 
Therefore, the efficient operation of a chloride 
bath requires frequent or constant rectification. 
None of the barium chloride salts we tested ful- 
filled the requirement that the bath should trea! 
parts in 15 min. or less with a minimum of allen- 
tion and expense. Also, all of the parts heated 
in molten salt of barium chloride base, even 
those producing a bright quench, require acid 
cleaning to remove all traces of salt and scale, else 
they will rust badly on standing in the air. 
Pure sodium carbonate, on the other hand, 
will act as a safe treating medium without rect 
fication or any of these other disadvantages. 
The development of this ideal salt has reduced 
the number of steps enumerated in the annealing 
and flux removing processes from the four prevr 
ously mentioned to only two. The time required 
for the procedure has been cut from 59 min. ! 
15 min., accompanied by an overall saving of abou! 
$100,000 per year in this particular part of the 
manufacturing routine. 
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Bits and Pieces 


Cold Treatment of Die Steel 


byes TREATMENT of high speed tools has 
been widely discussed in recent metallurgical 
literature, but little has been said about the use of 
the process on high carbon, high chromium die 
steel. We approached the project with the idea 
that hardness of these quenched steels might be 
considerably improved —an expectation that was 
fulfilled whenever the quenched hardness was 
somewhat low. It was a surprising fact, however, 
that cold treatment tended to bring the dimensions 
back to the original limits. 

As an example, a blanking die of 14x17x1% 
in. outside with a rectangular opening 12.125x 
7.250 = 0.005 in. was treated as follows: 

Preheat in solid pack at 1250° F. for 4 hr. 

Raise to 1650° F. for 2 hr. 

Soak at 1850° F. for 5 hr. 

Air quench. 

Draw at 900° F. for 3 hr. 
After the above treatment the 12.125-in. limit had 
closed in to 12.093 in. 

The die was then given a cold treatment for 
12 hr. and remeasured after it had warmed to 
room temperature. The 12.093-in. dimension was 
found to be 12.130 in., a 
change of +0.037 in. A 
’-hr. draw at 350° F. 
closed up the opening 
005 in. more which 
brought the die back to 
the original dimension. 
Had this die been used 
Without the cold treat- 


ment, considerable grind- 
ng would have 
nhecess ry. 


been 
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In such a brief note as this, the 
reasons for the changes (which are 
representative of a very large num- 
ber of accurately measured dies) 
cannot be discussed, but it is our 
opinion that the transformation of 
retained austenite cannot explain 
them all. We suggest that the relief 
of internal stress at subzero tem- 
peratures is also an important 
factor in practice. 

It is noteworthy that two low temperature 
draws 350 to 400° F. with a cold treatment seem 
to hold size better than if a high draw is used. 
Results so far indicate that if a high draw is to 
be used it should follow the cold treatment. The 
low temperature draw preceding cold treatment 
is used primarily to prevent breakage during the 
cold treatment, and so far not a single high car- 
bon, high chromium part so treated has been lost. 

If relief of internal stress is responsible for 
the major portion of the size change, then other 
steels, especially the through hardening type, 
might lend themselves to cold treatment. (W. J. 
JABSEN, metallurgical engineer, and PuHituip J. 
Kress, tool superintendent, Kalamazoo Steel 


Process jai 
Comparison of Surfaces 


HERE are many processes where articles must 
be clean before going to the next operation. 
A scientific method of testing the effectiveness of 
the cleaning operation is to wash the surface with 
water or some suitable solvent and weigh the 
residue that is washed off. The results come out 
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+ le Evaluation Board of the Joint Chiefs of 
Staff (Messrs. Compton, Dewey and Farrell, 
(ienerals Stilwell and Brereton, Admirals Purvell 
and Ofstie) made a preliminary report on July 11, 
from which the following is extracted: 

‘*The conditions of the test were well chosen 
and the highest skill has been used to obtain a 
maximum amount of data in an unbiased, scien- 
tific manner. The effort and expense have been 
amply justified by the information secured and by 
greatly narrowing the range of speculation 
The bomb exploded with an intensity which 
approached the best of the three previous atomic 
bombs, over a point 1500 to 2000 ft. of the 
assigned target, and damaged more ships than 
have ever before been damaged by a single explo- 
sion The only major combatant ships within 
one-half mile of the explosion point were the 
battleships Nevada and Arkansas and the heavy 
cruiser Pensacola. The blast struck these from 
their after quarter. Apparently little damage 
was done to their hulls or their main turrets but 
their superstructures were badly wrecked. These 
ships were unquestionably put out of action and 
would, along with many others within three- 





Preliminary Report on Bikini 


fourths of a mile, have required extensive repairs 
at a principal naval base. . . There was rela- 
tively little damage at distances greater than 
three-fourths of a mile The primary material] 
effects were due to blast, buckling of decks and 
bulkheads and destruction or deformation of 
lightly constructed exposed objects, including 
siacks, masts and antennae..... Although consid- 
erable explosive ordnance was exposed on decks 
and in gun turrets there is no indication that it 
was exploded by direct action of the atomic bomb. 
, Casualties would have been high among 
exposed personnel within one-half mile of the 
target center; however, persons sheltered within 
the hull or even on deck in the shadow of radia. 
tion from the bomb would not have been immedi 
ately incapacitated by burns alone Within 
the area of extensive blast damage, personnel 
within the ships would have been exposed to a 
lethal dosage of radiological effects. .. . . No sig- 
nificant unexpected phenomena occurred. There 
was no large water wave formed. The radioactive 
residue dissipated in the manner expected. No 
damage occurred on Bikini Island, about three 
miles from the explosion center.”’ 








in terms of milligrams and are somewhat difficult 
to interpret. A more direct — though qualitative 
method is shown in the photograph. Small 
squares of white cheesecloth are used to wipe off 
a unit area. Photographs of each dustcloth dem- 
onstrate differences in amounts of residue. 

The method of course could be used to esti- 
mate corrosion products or the amount of any 
loose substance that could be wiped off a surface. 
If the substance was white, black dustcloths 
could be used. (Epwarp B. HUGHEs, senior met- 
allurgist, Wheeling Steel Corp.) 


Tempering Springs (as It Was Done) 


HILE “Bits and Pieces” should doubtless be 

reserved for ideas for moderns, I cannot 
help submitting the following from an old 
(undated) copy of a book called “Workshop 
Receipts”, published by Ernest Spon of London: 

“Get a piece of spring steel about the size of 
spring wanted; when forged and filed to tilt, make 
it warm-red, immerse in spring water (a little 
cow-dung improves it, mixed well with the water 
before using it). Dry the spring, then tie a piece 
of wire fast to the spring in any form, so as to 
hold it. Dip in clean tallow or oil, put it on the 


fire till all the grease is burnt off, and swing round 
and round as swift as you can till cold.” 

I regret that circumstances have conspired to 
prevent me from trying it out, but perhaps other 
researchers will have more of the required facil- 
ities for making the test. (J. K. McHuGu, metal- 
lurgist, De Haviland Aircraft Australia Pty. Ltd. 


Transfer of Stress Grid to Metal 


[* THE ART and science of stress analysis, strain 
grids have been of utmost help. They usually 
consist of a coordinate system at 0.010-in. inter- 
vals placed on the surface of a part to be tested, 
prior to testing. After any appropriate stress Is 
applied to the part, dangerous strains can be 
located by measuring changes in the distances 
between lines. This system is especially valuable 
in studying the stamping, forming and pressing 
of sheet metal, and locating the position of dan- 
gerous stresses in sheet metal webs, bulkheads 0 
other loaded components. 

Such grid patterns have formerly been 
applied to the metal by more or less bothersome 
methods. One of the simplest layout paints W 
described by H. J. Curisty in “Bits and Pieces” 
the January 1945 issue of Metal Progress. 
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X( |ENTISTS have so often been pictured as 
> rresponsible dreamers wholly detached from 
practical — and especially political — affairs, that 
it is well to cite extracts from the report of the 
so-called Franck Committee on Social and Politi- 
cal Implications of Nuclear Energy. This was 
composed of seven scientists connected with the 
Metallurgical Laboratory at University of Chi- 
eago, and its report* was sent to the Secretary of 
War six days before the New Mexico test explo- 
sion, and was a little later sent to President Tru- 
man in a petition signed by 64 scientists working 
in the Manhattan Engineer District. 

‘‘We find ourselves cognizant of a grave dan- 
ver for the safety of this country, as well as for 
the future of all the other nations, of which the 
rest of mankind is unaware. We therefore feel it 
our duty to urge that the political problems aris- 
ing from the mastering of nuclear power be recog- 
nized in all their gravity, and that appropriate 
steps be taken for their study and the necessary 
decisions. . . . . Selence eannot promise efficient 
protection against the destructive use of nuclear 
power. This protection can come only from the 
political organization of the world... .. 

‘‘Although we undoubtedly are at present 
ahead of the rest of the world in this field, the 
fundamental facts are a subject of common 
knowledge. To the last day of the European war, 
we were living in constant apprehension as to the 
possible achievements of German scientists. Rus- 
sian scientists could retrace our steps within a 
few years, even if we should make every effort to 
conceal them. Neither can we hope to avoid a 
nuclear armament race by covering the raw mate- 
ES hats 

‘‘Unless an effective international control of 
nuclear explosives is instituted, a race for nuclear 
armaments is certain to follow the first revelation 
of our possession of nuclear weapons to the world. 
Within 10 years other countries may have nuclear 
bombs, each of which could destroy an urban area 
of more than three square miles. A nation able 
to assign 10 tons of atomic explosives for a sneak 
attack on this country can then hope to achieve 
the destruction of all industry and most of the 

*Complete text was published in the May 1946 “Bul- 
letin of the Atomic Scientists”, University of Chicago. 





Scientists as Prophets Before Hiroshima 


population in an area of 500 square miles. The 
only apparent way our country could be protected 
is by dispersal of essential industries and the pop- 
ulations of our major metropolitan cities. Obvi- 
ously no time should be lost in inaugurating a 
study of this problem by experts... . . 

‘*The consequences of nuclear warfare must 
be as abhorrent to other nations as to the United 
States. Therefore, only lack of mutual trust, and 
not lack of desire, can stand in the path of an efli- 
cient agreement for the prevention of nuclear 
warfare. We therefore think that the use of the 
very first available atomic bombs should be 
weighed very carefully, not only by the military 
authorities, but by the highest political leadership 
of this country. It may be very difficult to per- 
suade the world that a nation which was capable 
of secretly preparing and suddenly releasing a 
new weapon, as indiscriminate as the rocket bomb 
and a thousand times more destructive, is to be 
trusted in its proclaimed desire of having such 
weapons abolished by international agreement. It 
is not at all certain that American public opinion, 
if it could be enlightened as to the effect of atomic 
explosives, would approve of our own country 
being the first to introduce such an indiscriminate 
method of wholesale destruction of civilian life. 
From this point of view, a demonstration of the 
new weapon might best be made before the eyes 
of representatives of all the United Nations on 
the desert or a barren island. The government 
may then take into account the public opinion of 
this country and of the other nations before decid- 
ing whether these weapons should be used against 
Japan. In this way, other nations may assume a 
share of responsibility for such a fateful deci- 
a 

‘‘Even if the prospects of an effective inter- 
national agreement on the control of nuclear 
explosives be considered poor in the immediate 
future, the pros and cons of an early revelation of 
our possession of nuclear weapons to the world — 
not only by their actual use against Japan, but 
also by a previous demonstration — must be care- 
fully weighed by the supreme political and mili- 
tary leadership of the country, and the decision 
should not be left to the considerations of mili- 
tary tactics alone.’”’ 








Both at the Chicago plant of the Douglas 
Aireraft Co., and in the Carnegie-Illinois Steel 
Corp. laboratories in Pittsburgh, the problem has 
been simplified by employing a new light-sensitive 
paint known as “Transfax”. Transfax is applied 
'o the metal part with an ordinary spray gun, 
(ransparent negative of linear coordinate graph 
paper, reduced to the desired grid spacing, is laid 
con act with the metal, and the surface exposed 


for a few minutes to the light of a flood-type lamp, 
exactly as in making a common blueprint. 

The surface of the metal is then washed 
with a weak solution of ammonia water and the 
fine grid lines remain as narrow white lines. 
These lines may be examined with a low-power 
microscope which includes a reticle having accu- 
rately spaced parallel lines. By aligning the 
reticle pattern with the lines on the sample, the 
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engineer can quickly tell the amount and direc- 
tion of movement of the metal in the sample dur- 
ing the forming operation, and this information is 
significant in light of past metallurgical knowl- 
edge of the metal used, since either elongation, 
compression or shear movements in the material 
can be located and analyzed. (N. C. FercGuson, 
Eastman Kodak Co.) 


Automatic Horseshoe Manufacture 


ELDING of the toe calk to a horseshoe, a 

%x%,x3-in. bar at the front lower surface 
of the bend, is automatically done by a rather 
unique combination of induction heating and 
resistance welding. The dial feed table on the 
special machine is shown in the accompanying 
illustration. 

The area to be welded is about 1.5 sq.in., and 
the size complication is added to that of a great 
difference in mass between the calk and the shoe. 
Preheating is necessary, and this is done induc- 
tively in one station just ahead of the welding 
station. The stations in the foreground of the half- 
tone are loading stations for calk and shoe (the 
calk is hidden under the shoe). As the table 
indexes around, an arm on the hinged fixture 
engages an upper cam and the horseshoe is tilted 
up 30° where it passes within the coil of the high 


frequency energizer. This position is hidden 
behind the central post. Preheating t.. about 
1200° F. is done in 7 or 8 sec. by a 20-kw., 459. 
kilocycle industrial radio frequency gener.itor. 

When the shoe is properly preheated, the 
table indexes around one more station to a posi- 
tion just under the upper electrode (at extreme 
right). The toe calk is clamped by the lower 
electrode, an air operated ram forces the upper 
electrode down against the shoe, and welding js 
accomplished by eight pulsations of current, 15 
cycles on and 15 cycles off. Power comes from 
300-kva. transformer, and the primary current js 
controlled by a Westinghouse synchronous elec. 
tronic timer. Dual pressure is automatically pro- 
vided; first, relatively low pressure is exerted as 
the weld heat is applied; then forging pressure is 
exerted. Normal variations in thickness of calk 
and shoe are allowed for by a rubber cushioned 
holder for the upper electrode. 

The device at the lower right is an automatic 
unloader. (HERMAN STIEGLITZ, engineer, Thomson- 
Gibb Electric Welding Co.) 


Loosening Hot Tensile Specimens 


T has always been difficult to remove test pieces 
from their holders after making a short time, 
high temperature test. The threaded end of the 
standard 0.505-in. tensile 
bar is readily screwed 
into the socket when 
both are cold, but after 
the test they are likely to 
stick. The best cure |! 
have found is to use 
graphite cup grease and 
dry flake graphite. The 
graphite cup grease 1s 
first applied to the 
threaded end of the 
specimen and then dry 
flake graphite was sprin- 
kled over the graphite 
cup grease. Then the tes! 
piece was screwed into 
the holder. After the tes! 
the ruptured tensile bat 
is easily removed b) 
hand (don’t forget the 
asbestos gloves) without 
allowing the tensile bar 
or tensile specimen hold- 
ers to cool. (H«rott 
SMALLEN, Metallurgical 
Department,  Menase' 
Mfg. Co.) 
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The Martensite 


Transformation 


The TERM MARTENSITE was proposed in 
1895 by F. Osmond in honor of the German metal- 
lurgist A. Martens, and at that time was used to 
designate the “constituent or structure” found in 
hardened steel. Later, as it became known that 
the hardness of quenched steel is a property of a 
needle-like constituent formed when austenite is 
allowed to transform at low temperatures, the use 
of the term was reserved for the constituent itself. 
During recent years it has been shown that 
martensite results from a particular type of 
transformation completely unlike the normal 
transformation of phases by nucleation and 
growth. Furthermore, this martensitic type ol 
transformation has been found in a number of 
alloy systems, including nonferrous alloys, and 
undoubtedly occurs also in pure metals and com- 
pounds. The transformation has thus come to be 
recognized as a basic type of reaction in the solid 
state, and it is logical that investigators, both in 
this country and abroad, have adopted the term 
“martensite transformation” as a general term to 
designate the specific process if it occurs in any 
alloy, and the term “martensite” to designate the 
product. The matter is therefore no longer con- 
fined to the metallurgy of steel. 

It is the intent of this article (prepared for the 
1947 edition of @ Metals Handbook) to describe 
the known salient characteristics of the martensite 
transformation and to show how it differs basically 
from the more familiar process of transformation 
by nucleation and growth. 

Transformation by Nucleation and Growth — 
lt is desirable to review briefly the main facts 
‘oncerning nucleation and growth. For binary 


By A. R. Troiano 
Professor of Metallurgy 
University of Notre Dame 
and A. B. Greninger 


Chemical Department 
G. E. Co., Pittsfield, Mass. 


alloys, phase transformations in 
the solid state are of four types, 
each associated with a character- 
istic region of the equilibrium 
diagram; these four types of trans- 
formation are allotropic, precipita- 
tion, eutectoid and peritectoid. All 
of these transformations proceed 
by (a) formation of nuclei and (b) 
subsequent growth of these nuclei. 
They are all dependent on time and 
temperature. If they occur in an 
alloy, composition changes and 
diffusion are necessarily a part of the transforma- 
tion process. 

These transformations, especially the eutec- 
toid, are most conveniently studied by allowing the 
reaction to proceed isothermally at some tempera- 
ture below the equilibrium level. Under these 
conditions the reaction-rate curve (percentage 
transformed versus time) has a _ characteristic 
S-shape, although in certain cases the incubation 
period may be very short. The curves of begin- 
ning and end of transformation, plotted on tem- 
perature-log time coordinates, have equally 
characteristic C-shapes, as shown in Fig. 1, page 
304. In this figure note (a) that at temperatures 
just below the equilibrium temperature, the trans- 
formation begins only after a long delay; (b) that 
as the reaction temperature is lowered, the iso- 
thermal reaction rate increases to a maximum 
value (corresponding to the “nose” or “knee” of 
the curve); and (c) that for temperatures below 
the nose, the reaction rate is lower the lower the 
temperature, and approaches a zero rate at low 
temperatures, where diffusion for most alloy sys- 
tems is negligible. 

It is in this temperature range, below the nose 
of the C-curve, that in certain alloys the martensite 
transformation, a diffusionless process, makes its 
appearance to complicate the simplified picture of 
the decomposition of a metastable phase. 

Whether or not a solid solution, stable at high 
temperatures, may be retained intact at lower 
temperatures depends on the minimum incubation 
time — that is, the time interval at the nose of the 
C-curve during which no transformation occurs. 
The slowest cooling velocity, measured at the tem- 
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perature of the minimum incubation period, 
which will accomplish this result is termed the 
critical cooling velocity for the alloy. Actual values 
of this velocity for different alloys range from the 
fastest to the slowest that can be experimentally 
produced. For example, in a 0.1% carbon iron- 
carbon alloy, this velocity is greater than 5000° C. 
per sec.; for beta 
approximately 1° C. per min.; and for many alloys, 
furnace cooling will exceed the critical cooling 
velocity. (For a given alloy 


eutectoid copper-aluminum, 


suddenly transform. The transformation ceases 
if the temperature drop is interrupted. Thus, the 
transformation is independent of time and depend. 
ent for its progress only on the temperature drop 
The amount of martensite existing at a given tem. 
perature in the martensite range is characteristic 
of the temperature and independent of the time 
at temperature. 

The amount of martensite formed per degree 
of temperature drop is not a constant. The number 
of martensite “needles” pro- 
duced at first is small. As the 





the critical velocity is also 
sensitive to grain size varia- 
tions of the parent phase.) 

The Martensite Trans- 
formation— The behavior 
of the martensite trans- 
formation is in sharp con- 
trast to the diffusion type 
of transformation described 


temperature continues to drop, 
this number increases; and 
finally, near the end, it decreases 
again (Fig. 2). 

3. The martensite trans. 
formation for a given alloy can- 
not be suppressed nor can the 


Beginning of 
Transformation 


End of 
Transformation 
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above. Its salient charac- 
teristics are: 
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martensite Transformation Range 


temperature of its beginning be 
depressed by the maximum cool- 
ing velocity obtainable.* In other 
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is without diffusion of ele- 
ments, and involves no 
change in chemical compo- 
sition. A large array of 
evidence supports this fact. 
Lattice constant measurements 
indicate that the martensite has the 
same composition as the parent 
solution in both steel and 
other alloys. There is no nucleation | 
followed by growth. Rather, small discrete 
volumes of the parent solid solution suddenly 
change crystal structure. The most recent 
measurements of the speed of formation of 
martensite have determined the time of forma- 
tion of a single plate of martensite in an iron- 
nickel alloy to be approximately 7x 10° sec. 
Goniometric measurements made by the pres- 
ent authors have shown that the transforma- 
tion occurs by a process of homogeneous shear and 
it follows (as is also shown by X-rays) that each 
plate-like volume after transformation is a single 
crystal of martensite. 

All martensite crystals have a typical acicular 
microstructure when viewed under the microscope 
in a plane section. Studies of chromium steels show 
that the regularity of the structure is more depend- 
ent upon the temperature of formation than upon 
the composition; in general, the lower the tempera- 
ture of formation the more perfect is the acicular 
microstructure. 

2. The transformation progresses only while 
the specimen is cooling, whereupon more and 
more discrete volumes of the parent solid solution 
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Fig. 1 — Schematic Representation of Simple 
C-Curve and Martensite Temperature Range 


Fig. 2— Schematic Representation of 
the Percentage of Martensite Formed 
Function 
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formation of martensite 
is characteristic of a 
given alloy and cannot bh 
lowered by increasing 
the cooling velocity. The 
thermal arrest associated 
with the temperature of 
the beginning of forma- 
tion of martensite in 
steel has been known 
generally as Ar”. More 
recently the term M, has 
been applied to the tem- 
perature of the start ol 
martensite formation; 
and correspondingly the 
term M, means the tem- 
perature of the finish 
Both of these “critical” 
temperatures are of immediate commercial as well 
as fundamental importance, especially in_ steel 
The variation of M, with composition, in both 
plain carbon and alloy steels, has been the subject! 
of considerable fruitful research in recent years. 
and a few data exist concerning the effect of com 
position upon the M, temperature; more are 
needed. The influence of composition on M, and 
M, in the iron-carbon and copper-aluminum sys 
tems is shown in Fig. 3. 

4. All recorded martensite transformations 


*For a summary of literature on this subject for 
steel see “The Martensite Thermal Arrest : ron: 
Carbon Alloys and Plain Carbon Steels”, by A. B 
Greninger, Transactions, @, Vol. 30, p. 1 (1942 
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At Left Is Homogeneous Austenite in an Iron Alloyed With 1.70% Carbon. 
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The sample was 


quenched in boiling water and all polishing, etching and photography done without cooling below 


At right is white martensite in the same sample photographed immediately after 


cooling to room temperature. (Work done by H. J. Wiester, Technische Hochschule, Berlin) 


have been shown to be reversible below the equi- 
librium temperature, except those in plain carbon 
and relatively low-alloy steels. In the steels men- 
tioned above, the speed of the decomposition of the 
martensite is probably too great to allow an obser- 
vation of reversibility by ordinary experimental 
means. However, reversibility has been observed 
by the present authors in the martensite of a high- 
nickel steel in which M, was below room tempera- 
ture. Apparently, in this alloy, the nickel was 
high enough and the temperature low enough to 
slow down the decomposition of martensite suffi- 
ciently to allow it to go back into the original sin- 
gle crystal of austenite. Some of the other systems 
in Which reversibility has been definitely observed 
include the copper-aluminum, the copper-zinc, the 
copper-tin, the iron-manganese, and the iron-nickel 
binary systems. 

In these and other systems, a single crystal of 
the parent solid solution will transform, in part at 
least, to many regularly oriented crystals of mar- 
tensite, and upon rapid reheating, will transform 
back again to a single crystal of the same initial 
orientation. There is a hysteresis effect associated 


st 





with this phenomenon; two examples are e-mar- 
tensite in iron-manganese alloys, and y’-martensite 
in copper-aluminum alloys. 

5. All metastable phases which have M, 
appreciably below room temperature will also pro- 
duce martensite upon deformation at room tem- 
perature. This phenomenon is quite consistent 
with the fact that martensite forms by a process 
of homogeneous shear. Two well-known alloys in 
which this behavior is utilized extensively in indus- 
try are 18-8 Cr-Ni stainless steel, and Hadfield’s 
manganese steel. In addition, certain martensitic 
structures may themselves be transformed to a 
different crystal structure by deformation. This 
has been clearly demonstrated for ¢-martensite in 
the iron-manganese system and for #’-martensite 
in the copper-aluminum system. In fact, it is 
apparently possible in some alloys to form by 
deformation more than one martensite structure 
directly from the metastable parent solid solution. 

6. Martensite is probably never in a condition 
of real equilibrium, although many martensitic 
structures may persist indefinitely at or near room 
temperature. In general, the structure can be con- 
sidered as a transition between the 
unstable phase and the final equilibrium 
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condition. More than one transitional 
martensitic) structure may exist at the 
same time. As illustrated above, it is 
possible to go from one transition struc- 
ture to another by deformation. Also, 
more than one martensitic structure can 
be formed directly from the parent solid 
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hig. 3 — Influence of Composition on the Martensite 
Range in Iron-Carbon and Copper-Aluminum Alloys 





solution and coexist, as the result of 
quenching as well as deformation. Such 
a situation can occur, for example, in 
iron-manganese alloys in the neighbor- 
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Martensite at 3500 Diameters in a Small Piece of 0.90% Carbon 


Toolsteel Quenched in Iced Brine. 


Hardness C-65. The small black 


areas are primary troostite nodules, about 0.000,050 in. in diam- 
eter. (Francis F. Lucas, Bell System Technical Journal, 1930) 


hood of 15° Mn, which will form both a-mar- 
tensite and ¢-martensite on quenching. 

Examples of martensite crystal structures are 
the body-centered tetragonal martensite of the 
iron-carbon and related alloy steel systems, the 


, 


close-packed hexagonal y’ and pseudo-hexagonal 
8 structures of the copper-aluminum system, the 
face-centered tetragonal structure of the copper- 
zinc, and the #’ structure of the copper-tin systems. 

In some instances, such as the ya martensite 
in iron-nickel and iron-manganese alloys, the crys- 
tal structure is body-centered cubic, the same as 
the phase in equilibrium at low temperature, but 
is supersaturated except for the relatively dilute 
solid solutions where the alloy has a composition 
within the homogeneous a-phase field. 


7. The martensite structure always has a 
greater hardness than the parent solid solution 


from which it is formed. However, extreme hard- 
nesses are associated with martensite only in steel 
containing appreciable amounts of carbon. The 
martensite structures will often age harden during 
tempering. In steel, it is possible to increase 
slightly the hardness of the as-quenched martens- 
ite. For the Fe-Co-W alloys the increase in hard- 
ness on tempering is most striking. 

8. The martensite plates always form parallel 
to a given crystallographic plane of the parent 
lattice, and there is always a unique relationship 
between the lattices of martensite and the parent 
phase. Rarely does the martensite plate delineate 
a low-indices plane of the parent lattice. For 
example, in medium carbon steels martensite 
delineates the {4, 4,10} planes of the austenite, 
in copper-tin, the {266} planes of the 8 phase; 0 
copper-zinc, the {2, 10, 10} planes of the 8 phase: 
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in copp:’-aluminum, the {244} and {266} planes 
of the 2 phase. In the copper-zinc system, the 
martensite plates possess the same orientation 
regardless of whether they are formed by quench- 
ing or by deformation. It is worthy of note that 
ihe orientation habit is independent of the tem- 
perature of formation of the martensite for a given 
alloy; in other words, the martensite plates formed 
near M, delineate the same plane of the parent 
lattice as those formed near M,. 


Stabilization 


In certain alloys, particularly alloy steels, the 
aging of the metastable solid solution (austenite, 
in steel) will result in a lowering of M,. In alloy 
steels, where M; is near or below room tempera- 
ture, this effect will further manifest itself in an 
increase in the amount of austenite retained at 
rom temperature. This phenomenon has come 
to be known as “stabilization”, which may be 
defined as a lowering of M,,* resulting from aging, 
without change in chemical composition of the 
parent solid solution. 

In steel, the time and temperature may or may 
not involve partial transformation of the austenite. 
Specifically, stabilization of austenite has been 
observed under the following conditions: 

1. After partial transformation to martensite, 
followed by aging with or without further decom- 
position of the austenite to bainite, the subsequent 
formation of martensite on further cooling does 
not begin immediately, but starts at some lower 
temperature. The degree of lowering is a function 
of the aging temperature and time. 

2. After partial transformation to bainite, the 
M, point is lowered. The degree of lowering is a 
function of the time of holding at the bainite trans- 
formation temperature. In this connection, it is 
important to note that further aging in alloy steels, 
after the partial transformation to bainite has 
ceased, will continue to lower M,. 

3. After aging at temperatures in the bainite 
range, but before any observable decomposition of 
austenite occurs, the M, temperature is lowered 
certain steels. As in the previous citations, the 
amount of lowering is dependent upon the tem- 
perature and time of aging. 

4. In certain systems where reversibility can 
be observed, such as iron-nickel and copper-zinc 
alloys, it has been found that heating and cooling 


a 

*Certain data (for example, concerning high 
speed steel) indicate that there is no appreciable 
effect of stabilization on M,, while other data indicate 
that stabilization will lower M,. Thus: 3% Cr ferrite, 
after Stubilizing, will retain y at room temperature, yet 
M, is well above room temperature. 





several times through the martensite transforma- 
tion temperature range will result in a greater 
retention of the parent solid solution at any given 
temperature. This also may be considered as a 
manifestation of stabilization of the parent solid 
solution. 

There is a similarity in the effect of tempera- 
ture and time in all cases of stabilization. Quali- 
tatively, for a given alloy, long times at low 
temperatures enhance stabilization. It appears 
logical to assume that the primary factors influ- 
encing stabilization are temperature and time of © 
aging, and that the role of any decomposition is 
entirely fortuitous and at most can exert only a 
secondary effect. 


Martensite Transformations in Single Metals 


Martensite transformations have been 
observed in many systems, and they undoubtedly 
exist in many others where they have not yet been 
detected or their presence has not been recognized 
by the investigator. There is ample reason to 
believe that even allotropic transformations of 
pure metals and compounds may occur by the 
martensite mechanism. For example, hexagonal 
cobalt can be formed by deformation of face- 
centered cubic cobalt at room temperature. In 
addition, high temperature X-ray work on cobalt 
by Edwards and Lipson shows (a) that the pro- 
portion of the cubic and hexagonal phases is 
dependent only on the temperature, and not on the 
time at temperature and (b) that there is reversi- 
bility (with hysteresis) of the transformation 
below the equilibrium temperature. Another 
example (discovered by Tokich and Troiano) is 
hexagonal zirconium, which can be formed by 
deformation of the metastable body-centered cubic 
phase at room temperature. The time for trans- 
formation of a given discrete volume of 8 to a 
zirconium has been measured as approximately 
3x10 sec. In addition, published micrographs 
of metals having allotropic modifications (for 
example, titanium) suggest the existence of a 
martensitic transformation. 

It is apparent from the above discussion that 
the martensite type of transformation is an impor- 
tant mode of transformation in the solid state. 
Despite the relatively large amount of reliable 
data on this transformation, its characteristics and 
general ubiquity are not fully appreciated. t~ ] 





Epitor’s Footnote — Readers of this article may 
now wish to turn to page 311 where Professor Porte- 
vin’s letter on “Morphology and Kinetics of the Con- 
stituents in Quenched Steels” will be found, and 
compare the two methods of appraising essentially the 
same experimental facts. 


August, 1946; Page 307 














Correspondence 


Variation in Properties With Size 


of 14.8-T Billets 


NEw KENSINGTON, Pa. 
To the Readers of METAL PRroGrEss: 

An article in the March 1946 issue of Metal 
Progress entitled “Brittle Failure of Hogged-Out 
Fittings From 14S-T Billets”, by Given Brewer and 
Herman C. Ihsen, describes the failure of a large 
fitting during static tests. From the correlation 
of the tensile test results, it is assumed that this 
fitting was machined from the 10x 20x72-in. billet, 
although it is not definitely stated. Also, from 
the size of the billet, it is evident that it was pro- 
duced by forging rather than rolling. 

Regardless of whether the piece had _ been 
rolled or forged, the direction of grain flow indi- 
cated in the left-hand sketch of Fig. 2, viewed in 
conjunction with the photograph of the fitting, 
indicates that it was machined from a slice 
removed from the billet normal to the long dimen- 
sion of the billet. It therefore becomes obvious 
that it would have been desirable to use a piece 
of raw material more suitable for the purpose. 

The decrease in properties with increase in 
section of 14S-T billets has two causes. One is 
the effect of mass during quench from solution 


heat treating temperature; the g ter the 
mass the slower the rate of quench, and. 
therefore, the less effective is ‘he hea 
treatment obtained. This mass cetfect has 
a minor influence on the properties of 
14S-T alloy. 

The other cause is the amount of wor, 
that has been introduced into the piece tg 
convert the cast structure of the ingot into 
truly wrought material. From the firs 
paragraphs of Messrs. Brewer and Ihsen’s 
article, it is seen that they recognize this 
factor and recommend hot upsetting as q 
means of betterment. The effect of the 
amount of work on physical properties has 
long been known, and consequently a 
product known as “specially processed” 

hand forgings has been made in which the amount 
of work has been substantially increased over that 
possible in “regular” hand forgings. Tables have 
been made available to the aircraft industry show- 
ing the minimum properties in 14S-T forged billets 
with various cross sections. 

Table I indicates the properties of “regular” 
hand forgings, and applies to a wide range of sizes 
Since these forgings are worked in only two diree- 
tions instead of three, the transverse properties are 
consistently lower than those in Table II, page 3! 
which contain data for “specially processed” hand 
forgings with either square or rectangular cross 
section covering the same range of sizes. 

Both of these tables are based on a compara 
tively large number of tests accumulated over 4 
period of several years and are guaranteed by th 
Aluminum Co. of America for its products. It wil 
be seen that an increase in transverse properties 
is obtained by using the “specially processed” type 
Further increases can be obtained by the use 0! 
the smallest possible cross section. Bearing these 
facts in mind, it will be seen that better properties 
could have been attained in the particular fitting 
under discussion by using an individual hand- 
forged block for each fitting, which would have 
come within the “specially processed” dimensional 
limitations, rather than a slice from a long rolle 


Table I— Minimum Longitudinal and Transverse Physical Properties 
of Regular (Grade “R”’) 14S-T Forged Billet Stock 
For square and rectangle with lengths greater than 2% times width 





MECHANICAL Up tro 36 Sg.In.|36 To 100 Sg.INn.| 100 To 144 Se.IN.|) 144 To 196 Se.In.| 196 To 256 Sols 


ROPE 2 ) ai ane inn ne 
PROPERTIES (a LonGc. | Trans. | LONG. Trans. | Lona. TRANS. LONG. TRANS. LONG. 


65,000 | 60,000 | 63,000 


Ultimate strength 55,000 | 62,000 | 54,000 | 61,000 | 52,000 | 60,000 = 51,000 
50,000 | 50,000 | 50,000 


Yield strength 47,000 | 50,000 | 46,000 | 50,000 | 45,000 | 50,000 44,000 
Elongation in 2 in.) 10.0 25 | 7.0 25 | 6.0 2.0 5.0 20 | 4.0 2.0 


meet 











Nore (a): All samples for test shall properly represent center of cross section. 
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* Low Notch Sensitivity 


* Excellent Vibration Damping 


* High Resistance to Fatigue 


Better performance at lower cost is the story 
behind the modern development of Nickel cast 


iron crankshafts. 


Fairbanks, Morse & Company . ..a pioneer 
user of alloyed cast iron in this service . . . pro- 
duces O-P Diesel engines equipped with cranks 
of the larger type shown above, cast in high 
test Nickel alloy iron that normally attains over 

60,000 psi. tensile strength. 


The smaller crank shown above is one of the 
types used in air compressors built by « national 


monufacturer. 


For parts such as crankshafts where sharp 


changes of section are unavoidable, the low 
notch sensitivity of cast iron recommends its use. 
It also provides excellent vibration damping 
properties. Absence of expensive dies and forg- 
ing equipment, and the fact that castings require 
less machine tool time . . . point to the economy 
of using Nickel alloy irons. 


These two crankshafts are indicative of the 
potentialities and wide scope of applications for 


high strength Nickel alloy cast irons. 


Our casting specialists will be glad to consult 


with you and suggest where Nickel cast irons. 
may be useful to you. Write us today. 


THE INTERNATIONAL NICKEL company, INC. &.%2 3% 
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Table 1! — Minimum Longitudinal and Transverse Physical Properties 
of Specially Processed (Grade “SP”) 14S-T Hand-Forged Billet Stock 


91, 


Properties listed apply only when length is not greater than 2'4 times the width. 





MECHANICAL Up ro 36 Se.In.| 36 To 100 Sg.IN. 
PROPERTIES, Sa 


.505-IN. Bars (a)) Lone. | Trans. Lona. TRANS. 





100 ro 144 So.In. 144 
LONG. 


Squares and Rectangles With Width Not Greater Than 11, Times the Thickness 


Ultimate strength 65,000 | 62,000 | 63,000 | 60,000 62,000 60,000 61,000 58,000 60,000 58,000 

Yield strength 50,000 | 50,000 | 50,000 | 50,000 | 50,000 50,000 50,000 50,000 50,000 50,000 

Elongation in 2 in.| 10.0 | 5.0 7.0 3.0 6.0 3.0 5.0 2.0 4.0 2.0 
Rectangles With Width Greater Than 1' Times Thickness 

Ultimate strength 65,000 | 62,000 | 63,000 | 60,000 63,000 60,000 62,000 60,000 62,000 60,000 

Yield strength 50,000 50,000 | 50,000 | 50,000 50,000 50,000 50,000 50,000 50,000 50,000 

Elongation in 2 in.| 10.0 6.0 8.0 5.0 7.0 4.0 6.0 3.0 5.0 3.0 


To 196 Sg.Ix. 196 To 256 Se.INn. 


TRANS. LONG. TRANS. LONG. TRANS. 








NoTE (a/: 


or forged billet. It is probable that this would 
also have permitted the grain flow direction to be 
placed to better advantage. 

A clear statement of the reworking that was 
done in connection with the 11x16x20%-in. billet 
would also be interesting. For this reworking was 
the full-sized piece used or were three small sec- 
tions cut from the large block and subjected to 
hot forging? If small pieces were used either for 
the reworking or for reheat treatment, this might 
mike enough difference in the properties obtained 

result in the increases indicated. 
L. W. Davis 
Central Metallurgical Dept. 
Aluminum Co. of America 


Scratches on Spring Wire 


Tunin, rary 
lv the Readers of Mera ProGress: 
Manufacturers of spring wire and of springs 
have always tested their materials at various steps 
during fabrication by breaking it (twisting, bend- 


ing or pulling) and examining the fracture. One 
ui the commonest defects observed may be 
described as “long, straggly fiber”, and this 


‘ppearance may be due to over-drawing or patent- 
ing from too high a temperature. Coarse twisted 
liber is ordinarily caused by the presence of 
lamellar pearlite in the microstructure or by pre- 
liminary annealing at too low a temperature. Free 
slobular cementite is the result of patenting at too 
loW a temperature. The well-known defect called 
‘upping is generally due to axial segregation in the 
‘riginal ingot. 

The surface condition of spring wire (and of 
‘rings made from it) is of equal importance, 
and this fact is more slowly being realized by the 
sreater use of magnetic powder inspection, and 
Msistence on furnacing practices that do not 


All samples for test shall properly represent center of cross section. 


change the carbon content in the surface of the 
For surface inspection | prefer to temper 
(or the finished spring) at 


steel. 
the quenched wire 
640° F. and then pickle a sample 15 min. in boil- 
ing 30° hydrochloric acid. It course then 
necessary to appraise the influence of the minor 


is of 


imperfections revealed by the acid. 

Automatic coiling machines are especially 
likely to make slight longitudinal scratches on the 
wire. To study the effect of similar artificial 
scratches on highest quality wire, a considerable 
number of helical springs were selected. These 
were made of 0.182-in. wire; the spring had 4% 
The 
wire was oil tempered; its chemical composition 
was 0.68% C, 0.560 Mn and 0.22 Si, and it had 
ultimate tensile strength of 230,000 psi. The 


spring was flexed cyclically so the wire carried a 


active coils, 1°, in. o.d., 2'4 in. free length. 


maximum tensile stress in bending ranging from 
5000 to 72,000 psi. 

Prior to coiling, we seratched some of the 
wire with a sharp diamond point, so weighted that 
the scratches had a known depth, ranging between 
0.003 and 0.007 in. 


was 


Each spring was then coiled 
so the scratch either on the inside of the 
helix or on the outside. 

Springs scratched on the inside only 0.003 in. 
deep broke after from 15,550 to 17,000 alternations 
of stress. Another group with seratches 0.007 in. 
deep on the outside surface remained intact after 
10,000,000 stresses. 

Other experiments with seribers of blunt form 
indicated that the contour of the scratched surface 
than the depth of the 


Since it is relatively easy to avoid 


is far more important 
scratch. 
scratches from the spring coilers on the outside of 
the coils, the inner scratches are taken to repre- 
sent defects due to steel melting and wire drawing 

defects ordinarily out of control of the spring- 
maker except by rejection of questionable material, 
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We therefore concluded, as a 
tests, that superficial longitudinal sc: 
exterior of the helical coils, even as 


thousandths of an inch, are not as deleterious as 


the original imperfections in the wi 


the preliminary processes of ingot practice, treat- 


ment of the rod, and wire drawin 


nounced value of shot peening is that it eliminates 
or mitigates the effects of these minor imperfec- 


tions in the wire, so located that 


maximum damage to the life of a spring. 


ALBERTO OREFFI( 
Chief Engineer, Steel Dept., 


An Introduction to 


Alphabetical Nuclear Physics 


BrokeEN Hint Guicu, Urar 


To the Readers of Mera. Progress: 
May I eall your attention to a 

matter, 

namely, 


heretofore 
that the 

element 
weight? 


property of 
unnoticed 

name of a 
influences its 


chemical 
atomic 
This was impressed on me dur- 
ing some 
studies when I 
chemical 
order of 


recent philological 
arranged the 
elements, not in the 


atomie number” or 


Fig. 1 
Initials Versus Their 


Frequency Chart, Chemical 


ftomic Numbers 


catches on the 


The Fiat Co. 


result of our atomic 


deep as some cal symbols. 


W, Xe, Zn 
listed its ato 
chart, Fig. 1 


re, caused by 


g. One pro- 


they do the to Z. The 
E nance of let 


high atomic 


quency of occurrence of the letters high in th 


alphabet! | 


letters; Ag is represented by A, Mn by M, ete. 


You car 
covery. I | 
series of ato 


of the symbols, resulting in Fig. 2. 


fundamental alphabet ver 


weight as 
but instead in the alphabetical order of {| 


As, ete., and proceeded through the alphabet ; 


symbols low in the alphabet, A to Mn, and the 
dash line those high in the alphabet, namely \ 


atomic numbers, 1 to 20, there is a great predomi. 


Mendeléeff would h der 
chem 
Thus, the list began with | Ag, Al 


and Zr, and opposite each element | 
mic number. I then made a frequency 
, in which the full line represents th, 
chart shows clearly that for the |oy 


ters low in the alrhabet, while ai th, 
numbers there is a far greater fre. 





The symbols are listed by their initia 


1 imagine my excitement at this dis. 
mroceeded at once to plot the entir 
mic numbers against the initial letters 
The trend 

‘sus atomic number is shown clearl 
by the 
lines limiting the bound- 


inclined straig! 











aries at the 
right of th 


upper iell 
and lower 
diagram. 
As further 
then compared the beg 


prool, | 


ning of the alphabet wil! 
its end. At the beginning 
we have 20 elements 
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Fig. 2-— Trends in Loci of Alphabetical Versus Physical Chemistry 


Are Clearly From Southwest to Northeast (Arizona to Vermont) 
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whose symbols beg 
with A, B or C, while th 
last 20 range from Ru | 
Zr. The average of tl 
atomic numbers of the first twenty 
34.9, while the average of the las 


For skeptics, the 





&/to 92 









twenty is 46.9. 
amazing difference becomes cleat 

we compare the nearest round nun 
The nearest to 34.9 is 39, 


thy 


bers. 
atomic number of bromine. The nea! 
est to 46.9 is 47, the atomic numbe' 
of silver. Who would want a greale! 
difference than between bromine an 
silver? 

(I used only the 74 common ele 
ments listed in the 1939 @ Meta’ 
Handbook. But this makes no dil- 
ference because the “unclassified ele- 
ments” 59 to 71 are divided abou! 
half-and-half in their initials 

I hereby venture to predict the! 
a similar striking correlation will ) 
found between the alphabet «nd 


! 


atomic weight (instead of th: ale! 











number). 




































{lort minds among the readers of Metal Prog- 
-»ss will find many applications of this new law 
of matter. For example, in the Bureau of Mines 
Bulletin R.1. 3658, on possible substitutes for 
nickel in the 5¢ coin commonly known as the 
“nickel”, there appears on page 2 the following 
jist of metals whose densities are greater than 8.2: 


Density of Metals 


MeETAl DENSITY METAL DENSITY 
Bismuth 9.80 Osmium 22.5 
Cadmium 8.65 Palladium 12.0 
Cobalt 8.9 Platinum 21.45 
Columbium 8.57 Rhenium 20. 
Copper 8.94 Rhodium 12.44 
Gold 19.3 Ruthenium 12.2 
Hafnium 11.4 Silver 10.5 
Iridium 22.4 Tantalum 16.6 
Lead 11.34 Thallium 11.85 
Mercury 13.55 Thorium 11.5 
Molybdenum 10.2 Tungsten 19.3 
Nickel 8.9 Uranium 18.7 


Note that they are listed in alphabetical order. 
If we average the densities of the elements low in 
the alphabet (first column) we obtain 11.8, while 
the average density of those high in the alphabet 
second column) is 15.7. This is to me a mighty 
convincing proof, 

There are many other indications. Thus we 
have Cu and Mg for the age hardening of Al, and 
Be for the precipitation hardening of Cu — all, you 
will note, at the beginning of the alphabet! For 
improving machinability of steel we have S, Pb 
and Se, all in the latter half, and for hardenability 
we have C, Cr, Mn and Mo — all in the first half! 
For metallurgical proof, this piles Ossa on Pelion. 

| have not yet figured out why the early letters 
in the alphabet cause an element to have low 
atomic number. However, I am working on such 
an explanation, which will open up a new branch 
of science I call alphabetical nuclear physics. | 
will be glad to submit the manuscript of my first 
Writings on this fascinating field of knowledge to 
the @ for publication. 

MARMADUKE GWYNNE 


Basic Electric Furnace 


BETHLEHEM, Pa. 
To the Readers of METAL PRroGress: 

In last October’s issue of Metal Progress, the 
undersigned (together with S. D. Gladding) pre- 
sented a review of recent ideas acquired about 
“The Basic Electric Furnace for Steelmaking”. 
Naturally not all of these new ideas originated 
With us, although some of them did. We do not 
Wish to steal or plagiarize, and so are somewhat 
embarrassed to find that a list of references we 
attached to the original article for credit purposes 


was thought by the Editor to be a reading list 
which he blue pencilled. Our apologies are there- 
fore due to the following sources: 

“Electric Furnaces in the Iron and Steel Indus 
try”, 2nd edition, by Rodenhauser, Schoenawa and 
Vom Baur. Translated by Vom Baur and published 
by John Wiley and Sons, New York City. 

“Electric Melting Practice”, by A. G. Robiette; 
J. B. Lippincott Co., Philadelphia, publishers. 

“Industrial Electric Heating”, by N. R. Stansel; 
published by John Wiley and Sons, New York City. 

“Electrical Design of Modern Arc Furnace”, by 
C. C. Levy; a paper incorporated in “Electric Furnace 
Steel Proceedings”, A.I.M.E., 1943, Vol. I. 

“Session on Refractories” from “Electric Furnace 
Steel Proceedings”, A.I.M.E., 1944, Vol. Il. Chairman 
and co-chairman of this session were J. E. Arthur and 
R. P. Heuer, respectively. 

At this session papers were presented by H. M. 
Parkhurst, E. K. Pryor, R. H. Frank and H. C. Bigge. 
plus illuminating discussion and talks by various 
members in attendance. 

“Steel Expansion for War”, by W. A. Hauck, a 
report of the Steel Division, War Production Board, 
Reprinted by Steel, The Penton Publishing Co., Cleve- 
ane. H. C. BiGcE 

Superintendent, Tool Steel Departments, 
Bethlehem Steel Co. 


Morphology and Kinetics 
of the Constituents in Quenched Steels 


Panis, FRANCE 
To the Readers of Meta. ProGcress: 

Studies pursued in France and Germany as 
well as in the United States have discovered an 
increasing variety of constituents in quenched 
steels, resulting from the decomposition of austen- 
ite, and also have provided specific information 
concerning their nature and their structure. They 
may be enumerated as lamellar and globular pear!- 
ite, nodular troostite, “granulite’” (an _ ultrafine 
granular aggregate formed in the lower tempera- 
ture zone of the Ar’ transformation), upper bain- 
ite and lower bainite, and martensite—to say 
nothing of the sorbite formed on tempering mar- 
tensite. It should likewise be remembered that 
these types are chosen arbitrarily to mark ofl 
stages in a continuous series of products of decom- 
position of austenite as temperature falls, just as 
the elementary colors indicate more or less arbi- 
trary stages in the continuous light spectrum. 

The decomposition of austenite is so compli- 
cated by speed of reaction (degree of undercool- 
ing) it may appear that, in gaining a more precise 
and descriptive knowledge of the nature of these 
constituents, we may have lost a clear and simple 
view of the phenomenon in its entirety. Really 
this is not true: studies which the present writer 


August, 1946; Page 311 





SSS a | 

















has made in recent years in collaboration with H. 
Jolivet demonstrate the relationship of the mor- 
phology* of these products of decomposition of 
austenite to the nature and kinetics of the decom- 
position. The investigation paralleled an earlier 
one on “The Structure of Eutectics”, presented to 
the Institute of Metals in 1923, and from these 
studies we have been able to draw up a general 
table showing the effect of the principal factors 
determining this morphology and consequently the 
type of constituent in quenched steel. (These 
studies have been published in Comptes Rendus 
de Académie des Sciences de Paris, V. 207, 1938, 
p. 1412; V. 208, 1939, p. 1404 


by the appearance of centers or nuclei ot 
which develop until they abut; the result is som 
sort of a ferrite and cementite aggregat Th 
rate of transformation or reaction rate V (express. 
ing the quantity of austenite transformed during 
a unit of time) is the result of two factors —p_ 
the rate of germination or nucleation, the numbe; 
of nuclei which appear in unit tim. in unit volume 
of austenite, and v,, the rate of growth or the 
linear rate of propagation of the products of 
decomposition. These two factors control the 
kinetics of the transformation. 

What actually happens at Ar’ and Ar’ differs 
in that supersaturated ferrite is 
the governing constituent for the 


rystals 





and 1498; V. 209, 1939, p. 379 
and 556; V. 213, 1941, p. 687.) 
First of all, there is a dis- 
tinct difference between the 
lower or martensitic transforma- 
tion Ar’”’ starting at a point 
called Ms by American metal- 
lurgists and the two other trans- 
formations Ar’ and Ar” at higher 
temperatures between Ms and 
A,, as much from the kinetic 
viewpoint as from the mecha- 
nism and the nature of the prod- 
ucts of the transformation. The 
martensitic transformation 
appears to take place suddenly; 
the total amount of martensite 


Temperature 









intermediate Ar” reaction, whik 
cementite is the initial and goy- 
erning constituent for the upper 
Ar’ reaction. Analogous to what 
is true of supercooled eutectic 
solutions?, the unstable or meta- 
stable austenite, when it is cooled 
below the eutectoid equilibrium 


4 APs temperature A, is, in fact, doubly 

/ (Supersaturated ' 

Z Fervite) supersaturated as compared t 
, both cementite and ferrite. It is 
Ar*(Baiute) well known that the saturation 


or equilibrium curves for ferrite 
in austenite and for cementite in 
austenite are shown by lines GS 
and ES, respectively, in the iron- 








that can form at a given temper- 
ature occurs within approxi- 
mately 0.1 sec., and no more will 
appear until the temperature is 
lowered. Martensite, the new 
structure, arises from a modifi- 
cation in situ of the crystalline 
lattice of the mother austenite, without diffusion 
of carbon, This is more likely to cause the forma- 
tion of a mechanical twin in a crystal (that is, ¢ 
crystalline modification) than the separation of a 
new phase. Such a mechanism in fact gives rise 
to the constituent martensite, which may be 
defined as a metastable interstitial solid solution 
of carbon in tetragonal iron, very close to a cubic 
lattice (une solution solide d’insertion hors d’équt- 
tétragonal 


—_ 


libre de carbone dans un réseau a 
centré voisin du cube). 

On the other hand, the other two transforma- 
tions — Ar’, the upper, forming pearlite, and Ar’’, 
the intermediate, forming bainite — both proceed 





*Morphology may be defined as the form or shape 
and the relative distribution of particles or elements 
of the structure. 

*“The Structure of Eutectics”, by A. Portevin, 
Journal of the Institute of Metals, V. 29, 1923, p. 239. 


Reaction Rate, V 


Fig. 1 — Schematic Diagram Show- 
ing Relations of Rate of the Ferrite, 
Pearlite and Bainite Reactions as Af- the 
fected by Temperature (Supercooling) 


carbon equilibrium diagram, and 
these intersect at point S and al 
the eutectoid temperature. Like- 
wise, as for eutectic structures, 
structure of the 
forms in such a 
medium will depend 


aggregate 
which super- 

saturated 
on the dominant constituent, which generally ts 
the constituent which first appears and whose 
appearance tends to correct the artificial condition 
of supersaturation. 

For any such constituent of eutectic or eutec- 
toid the actual values of n, and v, vary as a [une 
tion of temperature, following curves of classical 
form. Rate of nucleation and rate of growth are 
both at zero at equilibrium temperature; each 
passes through a maximum which is often flatter 
for pv. than for n,.. The resultant is the rate o 
transformation or composite reaction rate V, and 
its curve also has a maximum and which expresses 
the tendency toward supersaturation of such con 
stituent. 

Specifically as for steel, the resulting curves 
are shown diagrammatically in Fig. 1, and are 
partially superposed in the temperature scale [of 
Ar’ and Ar”. The Ar’ curve for pearlite originates 
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from \e;, the equilibrium temperature of the 
eytectoid transformation. The Ar’ transformation 
is governed by iron carbide as the controlling con- 
stituent, and the carbon content of the carbide 
which forms is independent of the temperature of 
its origin.* The Ar” or bainite curve, on the other 
hand, originates from Ae, (equilibrium tempera- 








fine 


upper bainite for Ar”) to 
(very fine pearlite or troostite 
for Ar’, bainite for Ar”); then as the maximum 
rate of transformation is passed, the resulting 
structure changes to very fine granular aggregates 
-(granulite for Ar’, lower bainite for Ar”) with a 
dendritic or acicular appearance.* 
Such 
form are the predictable 


(pearlite for Ar’, 
lamellar aggregates 


changes in 
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Fig. 2— 


ture for the separation of pro-eutectoid ferrite) 
and the carbon concentration increases as_ the 
temperature of its separation decreases. Likewise 
as is shown in Fig. 1, this Ar” transformation is 
limited or suppressed when the Ar’ transformation 
that precedes it supervenes. When this unstable 
supersaturated ferrite decomposes it precipitates 
cementite, giving rise to the aggregate called 
bainite. 

(This above discussion is by no means limited 
'o completely eutectoid steels. The cementite of 
the Ar’ transformation can originate in the prior 
pro-eutectoid ferrite of a hypo-eutectoid steel, just 
as the supersaturated ferrite of the Ar” trans- 
formation can occur after a prior precipitation of 
)ro-eutectoid cementite from a high carbon hyper- 
cutectoid steel.) 

While the processes of structural formation 
by nucleation and growth of both the Ar’ and Ar” 
reactions are similar, so also is temperature sim- 
ilar in its effects on the morphology of the result- 
‘ng structures. As the temperature decreases in 


tach transformation range (the limits of the curve 


representing variation of the rate V) the structure 
changes 


from relatively coarse lamellar aggregates 


Result of Changes in Rates of Nucleation and 


Growth on the Microconstituents of Quenched Steel 
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while the granular struc- 
tures form when this 
growth On the 
other hand, a high nucle- 
ation rate n, will be responsible for the fineness of 
the structure, 
nuclei that formed in unit time. 

These facts shown diagrammatically in 
Fig. 2 by superposing the temperature effect, which 
permits coalescence at high temperature (forming 
spheroidite or globular pearlite, for example) and 
which tends toward formation of troostite nodules 
at lower temperatures. 

This double similarity of the products of the 
two transformations Ar’ and Ar” results in analo- 
gous appearances of the various constituents so 
that they are difficult to identify and differentiate 
micrographicaily. An analogous difficulty exists 
in distinguishing martensite from lower bainite. 
ALBERT M. PoORTEVIN 
Professor of Metallurgy 

l’'Ecole Centrale 


is slow. 


which increases with the number of 


are 


*Deduced from the fact that the Curie 
point is constant no matter whether the 
formed is coarse or ultramicroscopic. 

+The word “acicular” is improper to designate 
these spatial structures; the bainites do have this 
acicular appearance under the microscope on a plane 
surface, but the needles are in reality sections of 


magnetic 
pearlite 


lamellae in three-dimensional space. 


























Molybdenite as a Die Lubricant 


Denver, CoLo. 
To the Readers of METAL PROGRESS: 

Molybdenite (MoS,) is a black, flaky type of 
mineral with a characteristically “greasy” feel 
similar to graphite, and has shown promising pos- 
sibilities for certain types of lubrication. The min- 
eral may be obtained in a rather pure form by the 
concentration of molybdenum ores. 

During the course of our experiments along 
this line we found that the finely ground mineral 
could be plated on steel and cast iron as a thin, 
tightly adherent, black, shiny surface. Electron 
diffraction tests at Battelle Memorial Institute 
indicated that the principal constituent in this 
coating was MoS,. 

For plating, a molybdenite concentrate con- 
taining approximately 99.5% MoS, was made into 
a thick paste with a suitable organic binder. (Corn 
syrup was found to be one of the most suitable 
binders, though a number of waxes and heavy oils 
also gave fair results.) The part to be plated — 
either steel or cast iron — was heated to between 
600 and 800° F., after which the MoS, was painted 
or daubed on its surface and rubbed in to some 
extent to obtain intimate contact. The part was 
then cooled in water and the excess MoS, buffed 
off with a soft wire or cloth buffing wheel. 

The MoS, in this paste form will adhere well 
to steel or iron which has acquired a brown or 
blue temper color as a result of the heating opera- 
tion. In fact, the development of this temper color 
seems to assist and may be a necessity. 

This MoS, coating may be quite beneficial on 
rubbing surfaces where the maintenance of proper 
lubrication is a problem. In addition to its self- 
lubricating properties, MoS, has a strong surface 
affinity for most oils and greases, so it should 
assist in preventing breakdown of oil films under 
conditions of extreme pressures or temperatures. 
Its use on the finished surface of forging die 
impressions has been suggested. Other possible 
uses are on cylinder walls and piston rings of gas 
engines and on finished steel or cast iron bearing 
surfaces of the type which will not be softened by 
heating to between 600 and 800° F. 

This sulphide coating also has possibilities as 
a finish on parts where a black smooth surface of 
pleasing appearance is desired. Molybdenite is quite 
resistant to attack by atmospheric corrosives, so it 
should protect the surface of parts on which it has 
been plated. The coatings we have studied have 
not been entirely impervious to corrosives, so 
complete protection should not be expected. 

T. E. NoRMAN 
Climax Molybdenum Co. 





Nondestructive Analysis 
of a Metallurgical Unknown 


New York Crry 
To the Readers of METAL PRroGREss: 

A bit of metallurgical detective work done ip 
our laboratories may be of general interest. We 
were required to determine the nature of a preci- 
sion part from an intricate mechanism. The only 
facts known were that the material displayed mag- 
netic properties and that there was a possibility 
that it might have been plated. As the piece was 
not replaceable, it became a neat little proposition 
to determine its composition in a completely non- 
destructive manner. The surface of the piece could 
not be marred without ruining it; therefore, it 
could not be tested with a file nor even with a 
microhardness tester. It was not permissible to 
etch it with an acid or to spark or arc it for 
spectrographic analysis. 

We first tried the Magne-gage to determine 
whether or not the part had a metal coating, test- 
ing three areas, but the readings were inconclusive. 
We then turned to X-ray analysis to relate the 
crystal lattice of the unknown to the lattice of the 
magnetic metals (nickel, iron, cobalt). 

One X-ray film was made with front reflection 
using a glancing incidence beam of filtered copper 
radiation and a 5-cm. flat cassette. The first film 
showed “d” spacings of 2.056 and 1.773. These 
values are closer to cobalt than to nickel and it 
was deemed advisable to use a more precise back 
reflection method to check this, so a second film 
was made with a 3-cm. cylindrical camera. This 
film had a sequence of lines of a face-centered 
cubic structure. 

A third film was made by back reflection 
method, copper target, and a 4.1-cm. flat cassette, 
and the lines on this film calculated to a lattice 
constant of 3.592. 

A specific gravity of 8.11 was determined 
from weight and size measurements, and the 
coefficient of expansion over the range of 80 to 
180° F. was found to be approximately 1.5 x 10° 
per °F. 

The nickel-iron alloy invar, containing 
approximately 36 to 38% of nickel, has the fol- 
lowing properties: 

Specific gravity: 8.12 

Magnetic properties similar to steel. 
Coefficient of expansion: 1.5 x 10° per °! 
Face-centered cubic lattice. 

Lattice constant: 3.590. 

The piece of metal was thus determined to * 
of invar. Sam Tour 
President, Sam Tour X 
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MATERIALS MAKE PERFORMANCE 


Several centuries ago the Chevalier de Roye swept 


the tournaments until a broken saddle girth made 
him non-operational. A promising career was ruined 
by a material weakness missed by routine inspection. 

Temper brittleness in steel is a modern material 


weakness that is easily overlooked, and likely to 
be fatal to product performance and sales. The 
adoption of temper-brittle-free molybdenum steels 
will eliminate this risk...and they will do the 
job well and economically. 


MOLYBDIC OXIDE—BRIQUETTED OR CANNED © FERROMOLYBDENUM © “CALCIUM MOLYBDATE” 
CLIMAX FURNISHES AUTHORITATIVE ENGINEERING DATA ON MOLYBDENUM APPLICATIONS. 


“WO LY 
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It's a conveyor assembly for a heat-treating fur- 
nace, alloyed and cast for a large manufacturer of 
automobile parts. Perhaps you would be interested 
in some facts: 


Alloying Elements . . 15% Chromium, 35% Nickel 
Conveyor Belt . . . . 8,400 pounds, statically cast 
Head Shaft... . . . 1,625 pounds, centrifugally cast 
Tail Shoft..... . . 804 pounds, centrifugally cast 


The belt consists of several thousand individual 
links assembled and held together by alloy steel 
rods. No machining of the links was necessary. The 
lugs on the head shaft were cast integrally with the 
shaft. The end cones on both shafts were cast stat- 
ically and then welded on. 










You may not need a conveyor for a heat-treating furnace 
such as this, but if you need any high alloy casting—for re- 
sisting heat, corrésion or abrasion—we would like to discuss 
producing it for you. Our experience in static castings goes 
back to 1922 and in centrifugal castings back to 1931, both 
pioneering dates. 



































8-DU-2 
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Personal - 


RicuHarp L. TEMpLin assist 
ant director of research .q chief 
engineer of tests of the 


; . ‘tuminum 
Co. of America, New Kersington 
Pa., has been elected vice resident 


of the American Society fo; Testing 
Materials for 1946-1947. 


Copperweld Steel Co., Warrep 
Ohio, announces the appointment 
of J. L. STONE @ as New York dis. 
trict sales manager and _ that of 
Harry GAFKE @ as Chicago district 
sales manager. Mr. Stone was met- 
allurgical sales engineer for Cop 
perweld and Mr. Gafke was a 
Copperweld contact metallurgist. 


J. H. WINKLER, metallurgical 
engineer, Bethlehem Steel Co., Beth. 
lehem, Pa., has been chosen as one 
of the board of directors of the 
American Society for Testing Mate- 
rials, 1946-1947 term. 


Ohio Ferro-Alloys Corp., Can- 
ton, Ohio, announces the election 
of J. C. Vienos @ as _ vice-presi- 
dent. He was for a number of 
years general sales manager. 


J. H. DunBarR @ has been named 
chairman of the board of directors 
of Detroit Seamless Steel Tubes Co.. 
Dearborn, Mich. 


Mitton H. BANKARD @, formerly 
metallographer with the Glenn L. 
Martin Co., has accepted a position 
as metallographer in the research 
section, Aluminum-Magnesium Divi- 
sion, Revere Copper and Brass Co., 
Baltimore, Md. 


Reynolds Metals Co. announces 
that J. F. VAN KENNEN @ will be 
assistant general sales manager of 
the Aluminum Division. Mr. Van 
Kennen was previously divisional 
manager, 


James L. Foster @, who for the 
past five years has had a private 
metallurgical engineering consult 
ing practice in Berkeley, Calif., has 
joined the staff of Battelle Memorial 
Institute, Columbus, Ohio, where 
he will do research in welding 
technology. 


L. J. Haca @, Witiiam Cwik ©, 
and GEorGE HEIMSATH © have 
organized State Heat Treat, Inc., 
Grand Rapids, Mich. 


Puiuie C. Kiein @ has /ecome 
associated with the Mercator Corp. 
of Reading, Pa. 


































AVAILABLE NOW! 


REVERE MAGNESIUM SHEET CAN HELP PUT YOUR 
PRODUCT IN A PROFITABLE CLASS BY ITSELF 
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OF DUPLEXED IRON 


IN AN 8&8 HOUR DAY—WITH THE 


EFFICIENT NEW CM DETROIT 


ROCKING ELECTRIC FURNACE 





Furnace design is adaptable to front or 


advise you how the Detroit Electric Furnace 
will give you the profitable advantages 
ef duplexing and of producing 


“prescription iron.” 





DETROIT .::.. 





TYPE CM, 600 KW., 4000 LB. 
NOMINAL COLD CHARGE, 8000 LB. MOLTEN IRON CAPACITY. 


Many foundries are producing as many as 25 tons of iron 
per 8-hour day by using a Detroit Rocking Electric Furnace in 
duplexing operations. Cupola iron is carried to the 
Detroit Electric Furnace, alloys are added +o produce the type 
iron required, and the melting operation is continued— 

swiftly, precisely, and under the positive control of one man. 

One or more cold charge heats may be run while awaiting the 
first metal from the cupola. Each duplexed heat can be of a 
different alloy, or the alloy may be changed after tapping 


part of a heat by making any desired additions. 


r charging. 


We will be pleased to study your melting ne and 
i 
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for Electro Metallurgic.| Sales 
Corp., has been transferred fro, 
the Pittsburgh office to t! Cleve. 
land office. 











chief metallurgist of United Air. 
craft Products, Inc., is now sales 
engineer for continuous cast prod. 
ucts, American Smelting and Refip. 
ing Co., Barber, N. J. 








joined the Sao Paulo Tramway. 
Light & Power Co., Sao Paulo 
Brazil, as electrical engineer in the 
new construction department. 


nounces the presentation of the 
Meritorious Civilian Service Award 
to Irvin R. KramMer @ for “valuable 
contributions to steel technology by 
which highly effective results were 
attained in the manufacture of 
dependable castings for the fleet.” 


appointed manager of the materials 
and processes section of the motor 
engineering department at the new 
Westinghouse Buffalo plant. Mr 
Griffenhagen was formerly mana- 
ger of the metallurgical laboratories 
section of the materials engineer- 
ing department, East Pittsburgh 
plant, Westinghouse Electric Corp. 


that WittrAm C. SCHULTE @ has 
been appointed quality manager of 
the Propeller Division at Caldwell, 


from the position of chief metal- 
lurgist. 


appointed associate professor 0 
the department of metallurgy 2! 
Massachusetts Institute of Technol- 
ogy. Mr. Uhlig will be in charge of 
program of instruction and 
research on the corrosion of metals 


been released by the Metallurgy 
Division of the National Bureau © 
Standards: J. G. THompson @, ! 
member of the Metallurgy Divisio! 
since 1930, is the new chief; W. F. 
Roeser @, chief of the section © 
mechanical metallurgy, has bee! 
named assistant chief; H. ! 
CLEAVES @ is the new hea: of the 
section of chemical metallurgy; 
A. ELLINGER @ is in charge of the 
section of optical metallurs 









Personal. 










RALPH FITZPATRICK @, \slesmap 

















RaLpH W. BAILey @, previous), 




















ELDRIDGE E. MANDEEN @ has 














The Navy Department ap- 
















R. P. GRIFFENHAGEN @ has been 














Curtiss-Wright Corp. announces 






J. Mr. Schulte was promoted 







Hersert H. Unie @ has bee! 








The following promotions hav 
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RUST PREVENTION 





How to Eliminate 
Stains and Rust 
in Grinding Operations 


EFFECTIVE PRODUCT 
SAFEGUARDS MACHINED PARTS AFTER 
REMOVING FINGER STAINS 


“In any grinding operation, wet or dry, plication of Cities Service Antr-Corrode 
there is a definite tendency for the No. 148. 
metal to be stained with 


lubrication § the finger prints by han- 
Engineer's dling, after the operation 


Report 


“This product has proven very suc 
cessful in removing finger stains as 

well as providing a suitable protection 
is completed. In wet . I — F 


grinding operations there against rust until the part is shipped 
4 re ‘ 


- or assembled into a complete unit. 
sa strong and definite tendency to embled ony 


stain plus formation of a froth of rust. “A very desirable feature of Cities 


Atmospheric conditions have fre- Service Anti-Corrode No. 148 is that it 
quently caused rusting regardless of does not form a thick 
e richness of the grinding mixture. Slight film which would make 


P . . . aa 4a - ‘ 
lo combat this difficulty in the manu- Dragout” further handling disagree- 














facturing operations of two St. Louis Losses able, and it is of such low 
concerns*, we recommended the ap- viscosity that the user 
Ks 
a 
e & ™ 
- > 
yy 
ee 
ra “ 
busi retouched photograph shou ing the corrosive effect of fin ge rmarks on stainless steel 
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has only slight ‘dragout’ losses and 
his ‘drippings’ are negligible. 


“These two concerns have been satis- 
fied to such an extent that we now 
supply them with practically 100%, of 


their oil requirements.” 


Cites Service Lubrication Engineering 





service 1s available without cost or ob 


ligation for any rust or 
Engineering |ubrication problem. Call 
Service your nearest Cities Service 


Available branch office, (Arkansas 


Fuel Oil Co. in the South), 
or write to Cities Service Oil Company, 


Sixty Wall Tower, New York 5, N. Y 
* Names on Request 


cERVIG. 
C 
5(A)& 


FOR EVERY 
LUBRICATION PROBLEM 


cau Cities Service 
FIRST! 


























BARRETT STANDARD 
ANHYDROUS AMMONIA 


sSarrett Standard Anhydrous Ammo- 
nia is made by combining Nitrogen, 
extracted from the air, with Hydro- 
gen. These two gases are freed from 
impurities, before combining, to pro- 
duce Anhydrous Ammonia of the 
highest purity obtainable. 


Barrett Standard Anhydrous Ammo- 
nia is available in two grades: 
REFRIGERATION GRADE, guaranteed 
minimum 99.95% NH3; and com- 
MERCIAL GRADE, guaranteed mini- 
mum 99.5% NH3. Both grades are 
shipped in tank cars with a capacity 
of approximately 26 tons of NH3. 
REFRIGERATION GRADE only is 
packaged in 25, 50, 100 and 
150-pound standard-type cyl- 
inders and in 100 and 150- . 
pound bottle-type cylinders. 


Barrett Standard Anhydrous Ammo- 
nia must pass rigid tests for mois- 
ture, non-condensable gases and 
other impurities, before release for 
shipment. Cylinders and tank cars 
are thoroughly cleaned and in- 
spected, upon return to the plant, 
before reloading. 


Barrett Standard Anhydrous Ammo- 
nia is stocked in cylinders at 64 
points conveniently located from 
coast to coast. The advice and help 
of Barrett technical service men are 
available to you for the asking. 


& Barrett standards of purity 
and service make Barrett 
Standard Anhydrous Ammo- 
nia your best source of NH 3. 


THE BARRETT DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 


40 RECTOR STREET, NEW YORK 6, N. Y. 


Sree: 


An interesting and 
helpful booklet, 
packed with useful 
information about 
Anhydrous Ammo- 
nia, will be mailed 
to you on request. 
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South Dakota 


Manganese Ore: 


ie HAS long been knows that the 

horizontal shale beds forming 
the principal geological structure 
through which the Missouri River 
has cut its channel near the South 
Dakota-Nebraska line contains 
considerable number of egg-shaped 
hard nodules or concretions of 
carbonates, analyzing 16 to 18 
Mn. These are contained in beds 
averaging 40 ft. thick outcropping 
along the banks of the river for 
150 miles. Extensive sampling fo, 
about 10 miles proved about on: 
million tons of nodules in enriched 
shale under less than 20 ft. of over. 
burden per mile of outcropping 
and on this basis the region could 
be regarded as a potential or 
reserve for at least 50,000,000 tons 
of metallic manganese indeed a 
unlimited amount if the depth 
overburden did not enter the 
culation. 

The Bureau of Mines has studi 
the problem of separating the no 
ules from the shale since 194] 
and R.I. 3839 describes the many 
schemes that have been tried. Th 
problem is to separate the hard 
nodules cleanly and complet: 
from the softer shale. As in! 
ore concentration methods, water 
was used as a carrying mediu 
most of these experiments; th 
shale is easily broken up by heat 
weathering, or by mere attrit 
(tumbling in a cement mixer) bul 
the fine shale plus water forms 
sticky gumbo that is world-famous 
for its nastiness, and so far has 
defied all mechanical means 
handling possible 
separate the clay from the large 
amount of water necessary, so the 
latter can be reused. Consequent)) 
most of the trials (in pilot plants 
near Chamberlain, So. Dak.) ended 
in high cost operations -—-on th 
order of $10 per ton of nodules 
containing 350 lb. of manganese 
with the bulk of the values ha! 
picked from the mill feed. Th» 
obviously would be noncommercial 
except perhaps in China. 

Such preliminary work, how 
ever, emboldened the Metals Reserve 
Co., late in 1942 when manganest 
supplies in America became danse 
ously short, to (Cont. on 322 


nor is it 


*Summary of “Mining and Conceb- 
tration of Missouri Valley Meangane« 
at Chamberlain, So. Dak.”, Bureau . 
Mines Report of Investigations 3839 
by Leon W. Dupuy, W. A. Calhoun, ane 
R. T. C. Rasmussen. Feb., 1946. 108 P 
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BREAD 


is again 


‘ 
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7) RATIONED 


This is a French bread ticket, which must be pre- 
sented for each purchase, and the proper number 


of grams is torn off. Big Ms are worth 300 g 


Conditions in France are still grim, as shown by the 


latest report of the American Friends Service Committee: 


[he general impression given by life in France is 
dominated by the fact that the economic revival 
which had been expected after the cessation of hos- 
tilities is establishing itself very slowly and painfully. 
The French themselves are disappointed, both by the 
conditions of life, and by themselves . . . The cost of 
living continues to rise. It has been difficult to 
procure fuel. The problem of lodging has been dis- 
tressing for many, particularly for students whose 
parents do not live in this city. The food situation 
has not improved. Bread is again rationed. The 
food situation in the cities is very different from that 
1 the villages and in the country, and even from 


person to person. The question of clothing appears 
even less bright than that of food. 

‘For most people, life is difficule but tolerable. 
In these conditions, the hardest hit are the middle 
and working classes, which must face increased prices 
without having indirectly profited from this state of 
affairs. Extra food for the sick of these classes 1s 
virtually unobtainable. Those who suffer most are 
the old people, large families, or those having no 
head of the family capable of earning a decent living, 
students living on a meager scholarship, prisoners in 
camps, foreigners having difficulty finding work, and 


all those who do not have roots in this country 


The material aid which any one person can give is not very great, but 600 
ASMembers are finding that it helps enormously—both giver and receiver. 


Metal Progress and The Metals Review 
7301 Euclid Avenue, Cleveland 3, Ohio 


Please send me the name of a French metallurgist, 


Use the 


teacher, doctor, or one’s widow, to whom I can send a monthly 


parcel of food, together with your sheet of shipping suggestions. 


Coupon: 


Name 


NMereet 


City 
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“Falls Brand” Alloys — 


“FALLS” FLUX «B” 
for 


BRASS and BRONZE 


“FALLS” Flux “B” cuts melting costs by reducing rejections 
and scrap caused by dirty metal. 
1. It increases metal yield about 3% by putting all 
the metal usually lost in the dross back into the 
molten metal. 


to 


It cleans, fluxes and removes gases, oxides and 
non-metallic impurities from all grades of brass 
and bronze. 


A dry white powder, “FALLS” Flux “B” does not smoke, 
fume or smell, will not absorb moisture, 'and can be handled 
with the bare hands without burning the skin. 


Write for complete details 


NIAGARA FALLS SMELTING 
& REFINING CORPORATION 


America’s Largest Producers of Alloys 


BUFFALO 17, NEW YORK 








JOHNSION 


HEAT TREATING 


FURNACES 


For heat treating, annealing and carburizing. 
Equipped with JOHNSTON ‘Reverse Blast”’ low pres- 
sure oil burners. Also avail- 
able with JOHNSTON 
Tunnel Type gas burners. 

Overfired and bottom 
vented with vent passages 
under tile floor. Uniform 
temperature and high effi- 
ciency. First grade fire 
brick or insulating refrac- 
tory brick lining. Furnaces 
are manually or automatic- 
ally controlled. 


Write for Bulletin M-216 


\ e } J 2825 EAST HENNEPIN AVE 
a MINNEAPOLIS 13. MINN 


ENGINEERS & MANUFACTURERS OF INDUSTRIAL HEATING EQUIPMENT 
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Manganese Ore 


(From p. 320) authorize the Inter. 
national Minerals and Chemica} 
Corp. of Chicago to prepare plans 
for a large mill. It cor templated 
the crushing of rock, dug by steam 
shovels, and jigging in a battery of 
three-compartment Baum jigs: also 
dewatering the tailings. Estimateg 
plant cost was $5,600,000. The 
operation was to mine 7,500,000 
tons of shale yearly, to produce 
300,000 tons of nodules at a tota) 
cost of $5.50 per ton or 33¢ per 
unit (20 Ib.) of contained mang. 
nese metal. Before this plant couly 
get beyond the planning stage. the 
Metals Reserve Co. had a more 
hopeful view of the manganese 
stocks and imports. It is doubtfy! 
if the plant could have met expec. 
tations since “the jelling property 
of the bentonite in the shale appar. 
ently was overlooked”, and the 
difficulty of haulage over wet, slith- 
ery, all-but-impassable roads would 
increase transportation costs 
greatly in certain seasons of the 
year. 

The Bureau’s studies continued, 
however, and the existing pilot 
plant now seems to have den- 
onstrated a successful process 
Advantage is taken of the fact that 
a fresh face of shale “weathers” 
about 18 in. each winter — that is, 
the frost loosens up the structure 
so it is easily dug. Most of the 
“crushing” is to be done during 
excavating, by the simple means 
of skimming the flat surface of 
exposed shale beds by tractor and 
“carryall” scraper, the latter hav- 
ing many close-set teeth on the 
cutting lip. Concentration is sim 
ple, since it has been discovered 
that the conical rolls used in the 
brick industry have the knack of 
nipping and crushing the softer 
weathered slabs of shale, whereas 
the harder nodules — either |o0se 
or still embedded — ride the rolls 
and work theis way out over the 
end, uncrushed. No water is used 
Since rolls and feeder are all there 
is to the concentration plant, " 
also can be portable, and locaile¢ 
near the mining operations at som 
point where tailings may be co” 
veniently wasted. Thus transpor 
tation — the largest item of cos! 
is minimized. Mining by scrape! 
and delivery up to 800 ft. will cos 
about 3¢ per ton of shale. U"™ 
ton of nodules is recovered from 
tons of shale; the tailings still con- 
tain about two-thirds of the ma 
ganese, in small nodules, but ™ 

(Continued on page 328 
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: me For his examination of this aluminum ice crusher, the radiog- 
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nese rapher chose Kodak’s Industrial X-ray Film, Type A. He 
abtful knew that Type A had more than adequate speed for eco- 
xpec- ° . . . . . 
erty nomical exposure times, and that its fine grain and high 
Ppar- contrast would give him the excellent detail he needed. 

the 
slith- For general use in jobbing foundries where light alloy 
ep castings are produced . .. Kodak’s Type A, with or without 
t the lead foil screens, will give results which meet the require- 
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In addition to Type A, Kodak offers 
these 3 important types of industrial x-ray film: 






Kodak Industrial X-ray Film, Type K ... primarily for gamma- 
and x-ray radiography of heavy steel parts, or of lighter parts 







at limited voltages where high film speed is needed 









Kodak Industrial X-ray Film, Type F... with calcium tungstate 
screens —primarily for radiography of heavy steel parts. The 








rolls 
r the 
used 
there 






fastest possible radiographic procedure. 






Kodak Industrial X-ray Film, Type M... first choice forcritical | 
inspection of light alloys or, with million-volt radiography, 













it, it of steel and heavy alloy parts 
cated of 
some 
con- ee —E— 

x 20 30 
Sp y LOG RELATIVE EXPOSURE 
yst Choracteristic Curve, Kodak Industrial X-ray Film, Type A: with direct 
paper X-ray exposure or with metallic screens. Development: 8 minutes, at 
cost 6S" F., in Kodak Rapid X-ray Developer, or Kodak Liquid X-ray 
One Developer and Replenisher. 
Tl 95 
ci 


tm EASTMAN KODAK COMPANY 


X-RAY DIVISION, ROCHESTER 4, NEW YORK 
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Spray Granodizing metal surfaces assures a 
durable, lustrous paint finish. The smooth, tight, 
hard, phosphate coating anchors paint to the metal 
for permanent protection; preventing the spread of 
rust from accidental injury to the paint finish. 


The appealing beauty of the paint finish when 
applied to a Granodized surface will endure, 
whether it be the finish of automobile, refrigera- 
tor, washing-machine, kitchen cabinet or other 
products constructed of sheet metal. 


PAINT DURABILITY IS 
WHEN METAL SURFACES ARE 


GRANODIZED 


MANUFACTURERS OF INHIBITORS AND METAL WORKING CHEMICALS 


| AMERICAN IGSL PAINT CO. 





AMBLER PENNA. 
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Manganese Ore 


(Starts on page 320) 

way is now known for ex; icting 
this at any reasonable cost. Overal] 
costs of the recovered nodules 
including depreciation, ap ortize. 
tion, royalties and overhead, will 
be about $3 per ton, when eight 
sets of conical rolls and two Carry- 
alls are working. The total for 
equipment is $120,000. Production 
will be about 180 tons of nodules 
per day of 16 hr., during the 189 
days of dry, temperate weather. 
The manganese will therefore cost 
not more than 20¢ per unit, in com- 
parison with 50 to 70¢ per unit for 
imported 48% Mn ore. This low 
cost of low grade nodules (17 to 
18% Mn) warrants the Bureau's 
hope that they can be smelted into 
ferromanganese at a cost competi- 
tive with ferro from high grade 
imported ore. 


Aluminum Fins on 
Steel Engine 
Cylinders * 


A STRONG, heat conductive weld 

between aluminum fins and 
steel engine cylinders was sought 
as a means of improving the cool- 
ing efficiency (and increasing the 
horsepower) over a steel cylinder 
with machined integral fins or a 
steel liner within a finned alumi- 
num casting. Direct welding of 
aluminum to steel was impracti- 
cable because brittle aluminun- 
iron alloys would be formed at the 
weld. A third ductile metal, 
inserted at the joint, was investi- 
gated; from among the obvious pos- 
sibilities —tin, zinc, cadmium, 
silver, copper, nickel and chro- 
mium —a layer of silver proved 
best in producing strong ductile 
joints with iron end aluminum on 
either side, and its thermal conduc- 
tivity is of course unexcelled. This 
silver is electroplated on the 
properly cleaned steel cylinder. 
Cleaning is important, else the elec- 
troplate will not adhere strongly; 
freshly machined steel may be 


degreased in (Cont. on page 330 


*Summary of report to National 
Advisory Committee for Aeronautics 
(Contract NAW-1227) on a method for 
welding sheet aluminum cooling fins 
to airplane engine cylinders of heat 
treated S.AE. 4140 steel by W. F. Hess 
and E. F. Nippes, Jr., published 2 
Research Supplement to the Journal 
of the American Welding Society, 
March 1946, p. 129-s to 148-s 




















TITANIUM VITREOUS ENAMELING IRON 


Recent production experience with 
Titanium enameling iron demon- 
strates... more clearly than ever 
fore... the unique advantages of 
this new advance in the enameling 
industry. 

With Titanium enameling iron— 
the cover coat, in white or color, is 
satisfactorily applied directly to the 
ase metal. Ground coats are usually 
unnecessary when proper shop con- 


ditions are observed. As a result, 


rHE Meritt Mark or METAL 






Executive Offices: 111 Broapway, New York Crry 


production is doubled, often tripled 
—capacitv boosted—and substantial 
savings effected. 

In addition, products can be made 
with thin finishes superior to chip 
ping and breaking. Resistance to 
thermal shock at high temperatures 
is retained. Service life is extended. 
There is no enamel boiling and little 
or no sagging or warping at enamel- 
ing heats. For Titanium stabilizes 


or fixes) the carbon in steel. Re 


sultant carbonless tron, having no 
vield point, 1s especially satistactory 


for deep drawing. 


Both manufacturers of enamelware 
and steel find these and other fea- 
tures of this new Titanium enamel- 
ing iron worth investigating. It’s 
easy to get the facts. Our field engi- 
neers and research organization will 
welcome the opportunity to cooper- 
ate. Write today. There's no obli- 


gation, of course. 


Pen ‘ing patent applications on the ne cnameling 


Res 
ZIRCONIUM *, TITANIUM 
PRODUCTS 


Renters WS 2 





Vanuta 


August, 1946; Page 329 


process and products made thereby are owned jointly 
by In/and Steel Company and The Titanium Alloy 
ring Company under Trust Agreement. 


THE TITANIUM ALLOY MANUFACTURING COMPANY 


General Offices and Works: NiaGara Fauts, N.Y, 

















GEAR TOOTH HARDENING MACHINE 





Actual experience with 5-pitch 
gear 21” OD. SAE 1045 steel, 
or equivalent. 


FOR STARTER RING GEARS... 
SPROCKETS AND SIMILAR WORK 


Produces hard layer at all tooth contact points. 





Preserves tough core of graduated hardness in tooth 
for extra shock resistance. 


Does away with gear “growth” and distortion, allow- 
ing gears to be finish machined before hardening. 


Operation: Gear is placed on adjustable table and pushed 
over hydraulic elevator which lifts gear into burner ring. 
At end of heat cycle, gear is lowered automatically into 
timed oil quench, thence to discharge chute. 


Quenching oil is force circulated, strained and cooled to con- 
stant temperature. Fuel mixture supplied from Selas gas 
mixing combustion controller unit passes to super heat 
burners through double sealed rotating gas gland. Super 
heat burners mounted on extensible arms connected with 
heat resisting flexible metal tubing. 





934-36 CLARK STREET LANSING 6 MICHIGAN 
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Aluminum Fins 


(From p. 328) trichlo: «thylene 
vapor, wiped clean, and again 
degreased before plating. 

Such cleaned steel must first be 
plated 20 sec. in a strike solution 
at 75° F. containing 1.5 g. per liter 
of AgCl and 110 g. per liter of 
NaCN, operated at 20 amp. per sq 
ft. cathode current density. The 
cylinder is immediately transferred 
to the regular plating bath which 
contains 39 g. per liter of AgCl and 
70 g. per liter of KCN. Excess free 
cyanide increases conductivity 
throwing power and anode corro- 
sion; 38 g. per liter of K.CO, also 
increases the conductivity, and 0.9 
mg. per liter of CS, is an effective 
brightener, making finer grained 
and denser deposits. The solution 
is held at 75° F. and cathode cur- 
rent density is 6 amp. per sqft. 
Adequate plate is 0.25 mil thick. 

The only difficulty in joining 
aluminum alloy fins to the silver 


plate by resistance welding is to ~ 


keep the temperature of the steel 
below the critical point (1365° F.) 
and thus avoid hard spots. (The 
cylinders, 0.090 in. wall thickness, 
have previously been oil quenched 
and tempered to about 1250° F., 
giving hardness of about C-35.) 
This requires careful adjustment of 
weld time (“dwell”) and the inser- 
tion of a stainless steel strip 
between electrode wheel and alu- 
minum fin. Owing to the high elec- 
trical conductivity of the aluminun, 
most of the welding heat is gener- 
ated in the stainless insert and the 
steel cylinder barrel from which it 
flows into the more fusible alumi- 
num from both surfaces. Without 
the stainless insert the more con- 
centrated heat for welding would 
create localized temperatures above 
A: in the steel barrel at the spot 
being welded, and hence result in 
brittle martensitic nuggets. 
Welding conditions found 
proper were as follows: Federal 
175-kva. seam welding machine; 
stainless steel insert 0.011 in. thick, 
flanged to prevent arcing from side 
of electrode wheel to outstanding 
surface of fin; 5 cycles current pe! 
overlapping spot, 2 cycles off; sec 
ondary current 8600 amp.; elec 
trode pressure 800 Ib. The cylinder 
barrel slipped fairly tightly over 
the lower electrode which was 4 
cylinder of about 6-in. diameter; the 
seam welding wheel was 9 in. diam- 
eter, % in. thick; wheel speed Was 
80 in. per min. The stainless insert, 
as noted, was 0.011 in. thick With 
(Continued on page 38? 





[HE QUALITY NAMES IN ALLOY ; 
YALLOYS FOR HEAT CORROSION ABRASION Kote 
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,.. por EL Years 


Wherever metals are Heat-treated or metal men 


gather you will find General Alloys “Out in Front” 


| 
GENERAL ALLOYS CO. 


BOSTON, MASS. 




















The Induction Heating Corporation Engineer 
Talks to Mr. X on INDUCTION BRAZING 


MR. X ... . It’s amazing how many 
different heat-treating jobs your 
THER-MONIC Induction Heatin 

unit can do. Do you have ony specia 
induction heating equipment for braz- 
ing? I sure could use some improve- 
ments in my method of silver brazin 

— members into heavy stee 
plates. 


ENGINEER .... Yes, a single, stand- 
ard THER-MONIC Generator can be 
used for both heat treating and braz- 
ing. These induction heating units 
are extremely flexible to changeovers 
from one operation to another. But 
let’s consider your brazing problem. 
has mead method of brazing are you 
using? 


MR. X .... I've tried both oxyacety- 
lene-torch and furnace brazing. Torch 
heat is too slow and difficult to con- 
trol. It tends to distort the area 
around the braze. Furnace brazing 
heats the entire assembly and gives 
even more distortion. I'd like to con- 
fine heat somehow to the joint area 
and boost my output. 


ENGINEER .... Yes, induction heat- 
ing can give you the high-quality pro- 
duction you want. The main advan- 
tage of using induction heating for 
wp | is the fast, accurately regu- 
lated heat it produces — heat which 
can be restricted exactly where you 
want it. You'll reduce costs consider- 
ably by using induction brazing. 


MR. X .... Just how will induction 
brazing lower costs? 


ENGINEER ... . Induction brazing 
is economical since it heats only a 
localized area of an assembly, instead 
of the entire assembly. aturally, 
energy costs are much lower to heat a 
small section of a part rather than 
the whole part. Cost comparisons of 
fuel consumption between induction 
heating and other brazing methods 
often show a ratio of more than ten 
te one in favor of the induction 
method. In induction brazing a pre- 
determined amount of alloy is used on 
each joint. This permits an accurate 
estimate of alloy costs, preventing 
waste of expensive alloys so common 


co 


| yl 
(pia 


to other methods. Labor costs are 
reduced when using induction braz- 
ing. With our THER-MONIC Induc- 
tion Heating unit, any unskilled 
worker becomes an expert brazer. 





MR. X .... That's fine! But you still 
haven't proved to my satisfaction that 
induction heating will do a better 
brazing job for me. 


ENGINEER ... . In any brazing op- 
eration, the major problem is to raise 
the temperature of the surfaces to be 
joined by the brazing alloy simulta- 
neously to the flow point of the alloy. 
Here induction heating shows its su- 
periority over other brazing methods 
for it accomplishes this automatically 
through properly designed heating 
coils. Since your particular job in- 
volves brazing of concentric parts, 
I’d recommend your using an inside- 
heating coil to expand the inner tu- 
bular member against the outer steel 
alate. By localizing heat, induction 
razing will enable you to braze your 
heat-treated parts without changing 
the metallurgical qualities on either 
side of the brazed joint. Also, if you 
had additional brazed joints near this 
joint, you wouldn’t have to worry 
about “unbrazing” them since they 
would not be heated. You can be sure 
that joints made by induction heat- 
ing will be tight, clean, and uniformly 
strong. 


MR, X .... Say, induction heating is 
just what the doctor ordered for my 
brazing job! 


ENGINEER .... Yes, induction braz- 
ing is ideal for any metal-joining op- 
eration. It has many advantages over 
welding, riveting, bolting, and other 
joining methods. Parts now machined, 
cast, or forged in one piece can be 
made of two or more pieces and brazed 
together by induction heating, with 
decided savings in materials and la- 
bor. Since in induction brazing pre- 
cise control of the heat pattern is re- 
quired, induction heating equipment 
of the high-frequency ty must be 
used. Our THER-MONIC High-Fre- 
quency Induction Heating units have 
handled thousands of difficult brazing 
jobs successfully. 


ont _. INDUCTION HEATING CORPORATION 
THERMONIC ... 
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Aluminum Fins 


(Starts on page 32 


this setup a flanged contin: 11s aly. 
minum strip can be auto: tically 
bonded to a cylinder barr luring 
the winding of this strip «bout it 
in the form of a close sjiral of 
desired spacing, and no alloying 
takes place between stainless stee} 


insert and aluminum fin. 

The aluminum strip itself is 
Alcoa No. 1 “brazing sheet”, which 
consists of 3S half-hard sheet 0.030 
in. thick, clad on the weld surface 
with 7% its thickness of 5% Sj 
alloy. It must of course be 
degreased and cleaned of oxide just 
prior to welding. Uniform and low 
contact resistances are provided by 
6 min. immersion in a solution at 
180° F. of 10 cc. per liter of H,SO, 
(sp. gr. 1.84) plus 2 g. per liter of 
“Nacconal NR” for wetting agent. 


Manufacture of 
Carbonyl! [ron 


Powder* 


PRIOR to the war the plant at 
Oppau was making about 350 
tons of nickel per month, from 


matte imported from Canada, by 
the carbonyl process used by the 
Mond Nickel Co. in England, and 


during the war a new plant was 
built for making about 100 tons of 
iron powder by the same process. 
Under suitable temperature and 
pressure both metals combine with 
CO gas, and their gaseous Car- 
bonyls are decomposed in coo! 
chambers, the metal depositing 4s 
small nodular accretions and the 
CO gas recirculating. 

At Oppau the raw material for 
iron powder is spent iron pyrite 
from an adjoining sulphuric acid 
plant. This is melted with steel 
scrap in a rotating barrel furnace 
(Brackelsburg) aad cast into cakes 
1% in. thick. It contains abou! 
92% Fe and 8% S. 

After crushing to nut size abou! 
5 tons is charged into a cylindrical 
reaction chamber made of low 
alloy creep resistant steel, about 20 
in. diameter by 26 ft. long. Four o! 
these are grouped in a setting and 
heated to 425° F. Preheated CO 82 
is passed through, and in four of 
five days about (Cont. on Pp. 342 

*From report to the Combine¢ 
Intelligence Objectives Subcommittee 
on “I. G. Farbenindustrie—- Opp" 
Works, Ludwigshafen”, by T. P. © 
clough. 
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THE GAS ANALYST 


a single 96-page book, 
presents complete infor- 
on modern gas analysis 
us and the latest analyt- 
thods used in the indus- 


ld. 


catalog section of this 
scribes and illustrates the 
ensive line of Burrell 
ry and portable models 
the Build-Up and Cabi- 
s with equipment for the 
talytic method of com- 


The manual is really a text 
book describing the technique of 
gas analysis in sufficient detail 
to provide the inexperienced an- 
alyst with a working knowledge 
of the subject and enabling him 
to carry through from the as 
sembly of the apparatus to the 
calculation of the components in 
any particular analysis. 

Because of the prevailing paper 
shortage, the size of the edition 


necessarily has been limited. If 


you have not already received 
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your copy, we recommend that 
you write promptly for Burrell 
Gas Analysis Catalog 8o. Burrell 
Technical Supply Co., 1936-42 
Kitth Ave., Pittsburgh 19, Pa. 
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: Iron Powder 
where the Tele Paoli ts els (From p. 332) three-quarters of 


the iron goes off as rbonyl, | 
Fe(CO);. Effluent gas is cooled ty | 
about 125° F., the carbony! liquefies. | 


is drawn off through a trap and | 
stored under about 5 atmospheres, ) 

For decomposition the liquid 
carbonyl is heated by steam coils 
At 215° F. the liquid boils and the 
vapor passes to the top of decompo. 
sition cylinders about 3 ft. in diam. 
eter by 10 ft. high, held at 465° F. 
and normal pressure. In these cy)- : 
inders the carbonyl decomposes to 
a fine iron powder, which settles ( 
into the hopper bottom. (About 1% 
carbon also comes down from a 
chemical change in the CO; to min- 
imize this impurity a little dry 
ammonia is fed into the system.) 
Eight such units produce about 20 | 
tons of iron powder a week. 

Crude powder is heated in 
hydrogen plus a little H.O at 750 
F. to reduce the carbon content; it i 
also picks up about 0.1% hydrogen j 
and nitrogen. Annealed powder is 
loosened up and blended in a ball 
mill, screened and packed in tight 
drums. Its apparent density is 
about 3.0 or a little more. The par- 
ticles are roughly spherical, of very 
small size, the average size being 
governed by conditions in the 
decomposition cylinders, a high 
temperature and a short fall in the 
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get 
ABSCO-MEEHANITE 


castings 





C—O 


Among outstanding Absco-Meehanite castings are those of our 
Heat Resistant type. These castings are specially cast for long service : 
life in work where high temperatures must be withstood year in cylinder give the “lighter pow- 
and year out. Their specifications call for resistance to growth, ders (smaller grain size). ; 
warping and scaling under heat. German uses of carbonyl iro 
Heat resistance is combined with other are for magnets, accumulator plates, 
Absco-Meehanite properties. A wide range Pupin cores for telephone equip 





of choice makes possible a close match ment. Some iron and iron-nickel 
between the metal and its service. The slugs are sintered and rolled int 
giant distributor plate assembly shown at sheets or drawn into wire, tbe 
the left, for instance, demanded strength, slugs are usually washed with mag 


° ° . ens . ve c<idation and 
corrosion resistance and machinability to nesia to prevent oxid ati : 
° a . P : : shi >» iron car 

complement its first requisite — resistance to heat. In this unusual sticking while hot. Some ir 


| application, each of no less than 90 separate Castings fits into a 


place of its own in the completed assembly. 
“Unusual castings for unusual service” is more than a catchword 
at American Brake Shoe Company — it is a watchword for those 


bonyl is also burned with excess © 
air to produce Fe.0, of high purity 
for use as a pigment and for rubber 
compounding. 


seeking specification castings on a production basis — castings 
backed by a knowledge of foundry techniques that is unmatched 
in the industry. Write and tell us your specific needs. 


Staybolt Steels’ 


BRAKE SHOE A ND CTEELS FOR STAYBOLTS mvs 
CASTINGS DIVISION have a high yield point and te! 
230 Park Ave., New York 17, N. Y. sile strength at room temperature 
and adequate toughness and cree] 
strength at high temperatures 








ee Moreover, they should not be - 
‘ ’ A ee “tate : a C t on Pp. Ree) 
: Se ek ject to temper (Cont. 
oi “ Imcjstan' 
7. Rigidity Te *Abstracted from “Creep Resi tant 
~ Tightness Alloy Steels”, by S. E. Wolfson an¢ 
ibration Aboot pint M. P. Myahkov. Stal, No. 3 and 4 rie 
| is iad p. 42 to 47; translation in ‘7o" “ 
Aug. 2, 1945, p. 58 to 63 0 
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Ligh 
the 
OwW- 
ro This giant vessel used in modern petro- 
leum refimery operations is but one of 

ites many varied types of equipment which 
nip can be fabricated readily and easily from 
skel Republic ENDURO Stainless Steel. 
int 

the 

ag 
oad Corrosion- and heat-resistance—high strength- equipment used in working ordinary carbon 
car to-weight ratio—longer equipment life—these __ steel analyses. 
se are important advantages of Republic For complete details about the fabricating and 
rity ENDURO Stainless Steel. Also important, from —_ welding of Republic ENDURO Stainless Steel, 
jeer an initial equipment cost standpoint, is the or information on ENDURO’s many other 

ease with which ENDURO can be fabricated cost-saving advantages, write to: 


: f : ; | 
intO various types of equipment REPUBLIC STEEL CORPORATION 


While reasonable care must be taken in work- lov Steel Divisi Massillon. Ohi 
ing any stainless steel, ENDURO fabricates ee a oh _ — r Le a ned - a HIO 


readily and easily in most cases, with the same Export Department: Chrysler Building, New York 17, N. Y. 





: ENDURO STAINLESS STEEL 


Ao¢ Reg, U. S. Pat. OF 


Other Republic Products include Carbon and 
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Staybolt Steels 
(Cont. from p. 342) brittleness, and the erties 
acquired by heat treatment should not be de: ased by 


elevated temperature service. Steels of th, Mposi- 

cele) & WJraiask tions shown in the table below were Subjected to 

a ~ mechanical property tests at room temperature, tp 

rr > short-time, elevated temperature tests, to impact test 

\_ a i up to 1110° F., creep tests at 890° F., low te nol ng 

impact tests, and Charpy and hardness tests at 79 F 
after repeated heating to elevated temperatures. 

Steel 1 can be used satisfactorily for staybolts up 
to 660° F. in applications which are not highly 
stressed. Steels 2, 3, and 4 are excessively tempered 
by prolonged heating over 750° F., which probably 
accounts for their high creep. Moreover, steels 3 and 
4 are very susceptible to temper brittleness. These 
steels are suitable only as substitutes for carbon stee} 
up to 660° F. in high tensile flanges where it is impos- 
sible to place enough carbon steel bolts. 

Steels 5 and 6 may be used under stress up \ 
1020° F. No. 5 is preferred since it is cheaper and 
more easily machined. Steel 7 is satisfactory up 
930° F. It may be replaced by steels 8, 9, 10 and 11 
but these grades are more expensive. Steels 12 and 13 
can be used in some cases as bolt steels at 660 to 930 
F. However, they are not substitutes for steel 7 since 
their strength is only about 70% that of steel 7. 

Steel 14 is expensive and susceptible to temper 
brittleness and is not recommended. Steel 15 can 
be used at 660 to 930° F. but its mechanical properties 
are inferior to those of steels 7, 8, 9, 10 and 11. It is 





Composition of Staybolt Steels 
SI Nr Cr Orum { 


No. C MN 

FOR INDUSTRIAL HEATING 036 O83 0.19 

0.36 1.20 1.30 
0.32 1.08 1.04 0.21 0.93 R 
0.44 3.31 1.38 ; 
0.24 0.50 0.31 0.15 1.70 0.25Mo' 
0.42 0.37 0.30 433 0.70 1.04Mo Ur 
0.23 0.93 0.26 Mo 
0.65 1.59 0.71 0.25 Mo 
0.33 0.42 0.30 0.35 1.62 0.58Mo Fo 
0.22 0.34 037 427 1.51 0.34Mo 
0.44 0.40 0.27 1.40 0.46 Mo: Ge 
0.44 0.59 0.36 034 0.88 0.20V 
0.38 0.45 0.25 143 0.72 022M 
0.21 035 0.25 3.96 1.06 0.29V 
0.21 3.61 1.28 1.08W . 


*Also contains 0.30% vanadium 
Also contains 0.26% vanadium 
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also susceptible to temper britte- P| 
ness. Steels 5, 7, 8, 9, 10, 11, and 4 
DIE CASTING 15 have a high impact strength # 
50° F. which may be of grea Ru 
importance in some applications 
It is noteworthy that steels Ww {| 
molybdenum retain their mechat- 
ical properties even after pre 
longed service at temperatures nea 
to their tempering temperature 
The effect of vanadium additions & 
POWER TOOL HARDENING somewhat similar but less marke 
Tungsten also has a favorable effect 
on the retention of strength at e 
WARREN PETROLEUM CORPORATION tek tee, wenn 
TULSA, OKLAHOMA additions either prevent or great’! A 
minimize the susceptibility to te™ 
per brittleness. 


CALVANIZING 


Mo 


Detroit Mobile Houston 
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